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PREFACE 


Manufacture  of  yarns  and  fabrics  is  one  of  the  most  mportant 
occupations  of  mankind.  For  thousands  of  years  the  preparation  of 
textile  fibres,  the  spinning  of  yarns,  and  the  weaving  of  cloths  were 
domestic  occupations  known  and  understood  by  every  ^member  of  the 
community.  During  the  past  two  hundred  years  the  wHole  position 
of  the  textile  industry  has  been  completely  changed.  From  being  a 
hand  industry  practised  in  the  homes  of  the  producers,  it  has  become 
a  mechanical  industry  carried  on  in  power-driven  factories.  Every 
factory  is  divided  into  departments,  each  occupied  with  one  or  more 
details  of  the  manufacturing  process. 

Under  the  factory  system  the  textile  industry  has  expanded  enor- 
mously; the  cost  of  production  has  been  reduced;  the  variety  of  natural 
substances  utilized,  and  the  range  of  goods  manufactured,  have  vastly 
increased.  With  this  expansion,  specialization  was  inevitable.  Fac- 
tories were  built  for  the  purpose  of  making  only  one  class  of  fabric 
from  one  kind  of  raw  material — factories  for  woollen,  cotton,  silk,  linen, 
and  jute  manufactures.  More  significant  is  the  fact  that  many  great 
establishments  have  been  organized  and  employed  for  the  purpose  of 
supplying  prepared  materials  to  other  branches  of  the  textile  industry. 
Wool  combing,  silk  throwing,  yarn  spinning,  bleaching,  and  a  host  of 
minor  industries  are  merely  parts  of  textile  manufacturing  processes. 
Even  the  weaving  factory  itself,  commonly  supposed  to  make  a  finished 
commodity,  may  be  nothing  more  than  an  agent  for  supplying  the 
material  which  calico  printers,  dyers,  or  cloth  finishers  make  into  the 
goods  they  bring  to  the  market. 

One  effect  of  specialization  in  textile  production  has  been  to  separate 
artificially  industries  employing  the  same  machines  and  carrying  on 
the  same  processes.  It  shuts  the  worker  out  from  knowledge  either  of 
the  ultimate  form  of  his  product  or  of  the  origin  and  nature  of  the  raw 
material  which  he  uses.     Another  effect  has  been  to  deprive  the  large 
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class  of  people  who  handle  textile  goods,  wholesale  warehousemen, 
retailers,  and  others,  of  any  chance  of  knowing  what  have  been  the 
processes  and  methods  by  which  the  commodities  they  sell  were  made. 
Further,  to  the  great  consuming  public  the  whole  of  textile  manu- 
facture has  become  a  vast  mystery  to  which  they  have  no  key. 

Side  by  side  with  the  estrangement  of  the  various  branches  of  textile 
manufacture,  and  consequent  ignorance  of  each  other's  methods  and 
processes,  has  come  the  ever-increasing  demand  for  higher  efficiency 
and  closer  organization,  which  can  only  be  realized  through  a  general 
understanding  of  the  principles  of  the  industry.  To  be  successful  the 
manufacturer  must  keep  a  wide  outlook,  must  keenly  observe  the 
sources  of  raw  materials  and  the  markets  for  his  finished  products,  and 
organize  his  operations  on  the  most  economical  lines.  In  the  textile 
industry,  labour,  to  be  efficient,  must  be  intelligently  self-directed. 
Knowledge  of  the  raw  material  he  manipulates,  and  the  uses  of  his 
own  product,  adds  incalculably  to  the  ability  of  the  worker.  It  is 
impossible  for  operatives  to  acquire  such  knowledge  in  the  factory; 
they  are  too  fully  occupied  with  the  practical  duties  of  their  own 
departments. 

Perceiving  the  needs  of  the  new  time,  leading  manufacturers  and 
others  interested  in  the  welfare  of  the  textile  industry  have  secured  the 
establishment  of  technical  colleges,  highly  efficient  and  admirable  in 
every  way.  But  technical  schools  and  colleges  are  restricted  and 
limited  by  many  conditions.  They  are  mostly  devoted  to  teaching 
those  branches  of  textile  industry  prevalent  in  the  locality  in  which 
they  are  situated.  Hampered  by  lack  of  funds,  they  are  able  neither 
to  accommodate  one  tithe  of  the  operatives  engaged  in  the  industry 
nor  to  extend  the  curriculum  to  suit  the  needs  of  the  average  worker. 

In  planning  the  present  work  the  author  took  the  view  that  the 
textile  industry  is  a  unity,  every  part  related  to  every  other.  This 
mutual  dependence,  interrelation,  and  common  interest  may  be  illus- 
trated in  a  variety  of  ways.  For  instance,  jute  and  cotton  manufacturers 
work  with  raw  materials  so  different  in  size  and  character  as  to  render 
it  impossible  for  them  to  use  the  same  methods  and  machines  in  pre- 
paring the  raw  fibres.  But  the  end  of  both,  and  the  end  of  all  textile 
preparatory  processes  whatsoever,  is  production  of  a  thick,  soft  rope, 
called  a  sliver,  in  which  all  the  cleansed  fibres  have  been  partially 
straightened  out  and  loosely  combined.  The  principles  of  spinning 
are  the  same  for  all  textile  workers,  no  matter  what  fibre  they  may 
utilize.       In    essentials   the   loom    of   a   worker   weaving    the   heaviest 
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and  coarsest  fabrics  is  the  same  in  structure  as  the  loom  upon  which 
the  lightest  and  finest  of  fabrics  are  woven.  Differing  in  size  and  small 
details,  the  spinning  machines  employed  by  the  spinners  of  silks, 
wools,  cotton,  flax,  hemp,  and  jute  are  identical  in  every  important 
respect.  Many  other  machines  are  universal  throughout  the  whole 
industry.  Nor,  in  regard  to  their  products,  do  we  find  that  any  branch 
of  the  textile  industry  is  independent  of  every  other.  The  cotton 
spinner,  though  he  accepts  no  mixture  of  his  material  from  outside, 
is  dependent  to  a  considerable  extent  upon  lace,  hosiery,  carpet,  and 
shoddy  manufacturers  for  employment.  From  the  silk  thrower  the 
weaver  of  fancy  cotton  cloths  takes  yarns  with  which  to  ornament  his 
fabrics.  Flax  spinners  are  partly  dependent  on  the  lace  maker  and 
rope  and  twine  manufacturers,  and  compete  keenly  with  the  spinners 
of  cotton  and  jute  for  the  right  to  supply  wefts  and  ground  warps  to  the 
carpet  factory.  Wool  spinners  are  required  to  keep  in  touch  with  the 
hosiery  and  carpet  weavers,  to  whom  they  supply  yarns.  The  weaver 
of  fine  worsteds  beautifies  his  work  with  mixed  yarns  largely  composed 
of  silk;  on  the  other  hand,  the  silk  weaver  strengthens  and  solidifies 
his  splendid  fabrics  with  worsted  yarns.  Thus,  by  numerous  bonds, 
crossing  and  interlacing,  the  whole  textile  industry  is  bound  closely 
together.  To  exhibit  this  unity,  with  due  regard  to  the  special  features 
belonging  to  each  branch  of  the  industry,  has  been  the  author's  aim. 

Another  aim  of  the  writer  has  been  to  attract  and  hold  the  attention 
of  as  wide  a  circle  of  readers  as  possible.  The  work  is  therefore  free 
from  technical  terms  and  phrases,  excepting  those  which  are,  in  the 
nature  of  things,  unavoidable.  For  the  technical  terms  used  in  the 
work,  and  in  the  various  trades,  a  glossary  has  been  compiled.  While 
the  author's  aim  has  been  thus  popular,  no  effort  has  been  spared  to 
make  the  work  instructive  to  the  technical  student,  and  valuable  as  a 
book  of  reference. 

Technical  details  have  been  revised,  corrected,  and  contributed  by 
the  following  gentlemen:  Mr.  E.  Armitage,  Principal  of  the  Textile 
Department  of  Huddersfield  Technical  College;  Mr.  Fred  Bradbury, 
Headmaster  of  the  Textile  Department  of  Belfast  Municipal  Technical 
Institute;  Mr.  Thomas  W.  Fox,  Professor  of  Textile  Manufactures  at 
the  Manchester  Municipal  School  of  Technology;  Mr.  R.  Hannan, 
Microscopist  and  Expert  on  Textile  Fibres,  Ashton-under-Lyne;  Mr. 
Edmund  Hunter,  Art  Silk  Manufacturer,  Letchworth;  Mr.  William  O. 
Larmuth,  of  Messrs.  Thomas  Larmuth  &  Co.,  Makers  of  Flax,  Hemp, 
and    Rope  Machinery,   Manchester  and   London;    Mr.  Arthur  Morris, 
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Editor  of  The  Dyer  and  Calico  Printer \  Mr.  George  Robertson,  Silk 
Thrower,  of  John  Street  Factory,  Govan ;  Mr.  George  Thomson,  of 
Messrs.  WilHam  Thomson  &  Son,  Huddersfield,  lately  Examiner  for 
the  City  and  Guilds  Institute,  London;  Mr.  G.  H.  Wood,  Fellow  of 
the  Royal  Statistical  Society.  To  these  gentlemen  and  many  other 
practical  experts  and  manufacturing  firms  the  author  offers  hearty 
thanks  for  help  and  advice,  samples,  photographs,  and  a  mass  of 
materials,  without  which  these  volumes  had  been  incomplete. 

The  names  and  addresses  of  all  those  firms  of  machinists  which 
have  contributed  to  the  illustration  of  this  work  are  given  at  the  end 
of  the  last  volume ;  but  to  that  necessary  acknowledgement  the  author 
adds  his  personal  thanks. 

W.  S.  M. 
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Introduction 

Comprising  many  trades,  employing  millions  of  workers,  served 
by  vast  masses  of  intricate  and  power-driven  machinery,  and  utilizing 
annually  thousands  of  tons  of  various  fibres,  both  animal  and  vegetable, 
textile  manufacture  to-day  is  complex,  imposing,  almost  incompre- 
hensible to  the  human  mind.  Underneath,  in,  and  through  this 
mighty  labyrinth  a  single  principle  operates,  which,  when  understood, 
simplifies  and  elucidates  the  whole.  Textile  manufacture  is  based  upon 
the  simple  fact  that  certain  fibres,  if  twisted  or  felted  together,  will 
maintain  a  permanent  unity.  Spinning  and  felting  are  the  two 
primary  principles  of  the  textile  industry.  Though  equally  primitive, 
we  think  the  former  came  into  existence  before  the  latter,  because 
mankind  needed  tools  before  fabrics. 

Spinning  is  the  art  of  drawing  out  and  twisting  a  number  of 
small  fibres  into  a  long  thread.  In  itself  the  operation  is  simple,  and 
may  be  performed  with  the  fingers  without  any  kind  of  tool.  Among 
the  relics  of  earliest  man,  unknown  thousands  of  years  old,  beside 
the  remains  of  animals  extinct  before  history  began,  bone  needles, 
awls,  and  implements  bearing  the  marks  of  cords  have  been  found. 
Spinning  is  not  an  inherent  human  capacity  as  it  is  in  spiders; 
therefore  the  spinning  of  cords  must  have  been  invented  by  some 
man  in  that  dark  and  distant  epoch.  Imagination  and  intelligence 
were  present  at  the  birth  of  the  first  spun  thread. 

On  the  floors  of  neolithic  cave  dwellings  and  lake  dwellings  actual 
threads  remain  to  testify  to  the  genuine  character  of  the  rude  spindles 
and  spinning  whorls  found  beside  them.  During  the  long  period 
called  by  investigators  the  recent  stone  age,  the  arts  of  spinning 
and  weaving  took  the  shape  they  bore  till  mechanical  invention 
superseded    handicraft.       It    is   singular  and    puzzling    for   us   to    be 
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confronted  with  the  fact  that  all  the  fibres  most  suitable  for  textile 
manufacture  were  selected  during  that  prehistoric  time.  There  are 
myriads  of  natural  fibres,  both  animal  and  vegetable,  which  seem 
superficially  to  be  valuable  textile  materials.  Again  and  again  the 
spinners  of  the  civilized  world  have  been  gladdened  with  the  announce- 
ment that  a  new  source  of  raw  material  had  been  discovered,  and 
always  disappointment  has  followed  hope.  After  all  the  energy 
spent  on  exploration  and  research,  the  primitive  selection  of  silk, 
wool,  cotton,  flax,  hemp,  jute,  and  ramie  stands  unimpaired  and 
unimproved.  That  some  of  these  are  comparatively  new  to  us  is 
no  argument  for  their  novelty.  Cotton  has  been  spun  in  England  for 
a  period  of  only  three  hundred  years,  jute  came  to  Great  Britain  about 
the  end  of  the  eighteenth  century,  and  ramie  was  first  spun  experi- 
mentally in  England  in  1845;  but  all  these  fibres  have  been  in  use 
among  other  branches  of  the  human  race  since  the  very  beginnings 
of  civilization.  From  the  dark,  unknowable  past  unseen  hands  hold 
out  to  us  the  fibres  most  suitable  for  our  use. 

Because  spinning  is  so  commonly  the  preparation  of  yarns  for 
making  fabrics,  we  are  apt  to  lose  sight  of  the  individual  quality  of 
the  industry  and  its  place  in  the  history  and  economy  of  textile 
manufacture.  The  spinner  existed  long  before  the  weaver.  Mankind 
required  tools  while  as  yet  they  had  no  desire  for  clothes.  Many 
a  tribe  of  naked  savages  can  spin.  The  rope  or  cord  was  the  first 
of  textile  products. 

So  much  is  certain.  When  we  attempt  to  trace  the  course  by 
which  fabrics  arose,  however,  doubt  arises.  There  are  four  methods 
of  fabrication:  \^  felting;  2,  weaving;  3,  netting;  4,  knitting.  The 
last  is  almost  certainly  the  newest  mode  of  making  fabrics,  though 
the  belief  that  it  originated  in  Scotland  about  1400  has  been  dis- 
credited by  recent  discoveries.  It  is  highly  questionable,  however, 
which  of  the  other  three  came  first.  Netting  appears  to  have 
been  used  to  make  fishing  tackle  at  a  very  early  stage  in  human 
existence;  but  as  lace,  which  is  the  typical  netted  fabric,  is  distinctly 
ornamental,  netting  can  hardly  be  supposed  to  have  been  regarded 
as  a  method  of  textile  production  till  long  after  cloths  had  been 
made. 

Felting  more  nearly  rivals  weaving  as  the  primitive  method  of 
cloth  production.  If  judged  by  structure  only,  felt  would  certainly 
be  placed  first;  it  utilizes  the  clinging  property  of  fibres  as  directly 
as  spinning,   and   may  therefore  seem   to  claim  equal   rank  with  that 
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craft  in  point  of  time;  but  other  factors  come  in  to  throw  doubt 
upon  the  validity  of  that  conclusion.  Felting  applies  to  wool  and 
hair  only,  and  the  earliest  relics  of  mankind  point  rather  to  a  vege- 
table fibre  as  the  first  of  textile  materials.  The  step  from  the  formation 
of  a  thread  made  up  of  long  vegetable  fibres,  such  as  flax,  to  combining 
the  spun  threads  into  a  plaited  fabric  like  a  cloth  is  not  greater  than 
that  involved  in  the  conversion  of  a  flat  mass  of  fibres  into  a  felt. 
Both  acts  imply  imagination,  and  when  the  artist  originator  of  textiles 
conceived  a  cloth,  he  very  probably  thought  the  spun  threads  more 
suitable  for  his  purpose  than  a  mixed  mass  of  wool  fibres.  We  are 
assuming  that  spinning  originated  before  felting,  though  both  are 
based  on  the  same  principle.  The  assumption  is  not  absolutely 
unquestionable,  and  dogmatism  on  such  a  matter  would  not  be  wise. 

Because  of  the  perishable  nature  of  felt,  it  may  have  existed  along 
with  the  very  earliest  cloths  without  leaving  a  trace  behind.  Among 
races  living  at  the  primitive  stage  of  human  life  the  art  of  felting 
is  known  and  practised.  Easy  in  operation,  and  depending  upon 
the  primary  textile  qualities  of  wool  fibres,  this  method  of  cloth- 
making  may  be  considered  first. 

Felt-hat  manufacturers  take  St.  Clement  for  their  patron,  because, 
say  they,  the  saint,  before  starting  on  a  long  pilgrimage,  put  soft 
wool  inside  his  shoes,  and  found  at  the  end  of  his  journey  that  the 
layer  of  soft  fibres  had  been  converted  into  cloth  by  the  action  of 
his  feet.  False  as  the  story  is  in  fact,  it  illustrates  clearly  the  nature 
of  felting  and  the  manner  in  which  the  fabric  may  be  made. 

In  those  dim  ages  about  which  we  learn  a  little  from  coins  and 
inscriptions  dug  up  from  the  remains  of  buried  cities,  felt  manufacture 
had  separated  into  two  branches,  the  one  making  those  forms  of  head 
coverings  which  survive  in  the  modern  felt  hat,  and  the  other  producing 
felt  cloths  and  carpets.  The  textile  branch  of  the  felt  industry  has 
maintained  an  essential  simplicity.  Felts  differ  only  in  quality  of  fibres 
used,  thickness  of  fabric,  and  finish,  the  last  making  a  larger  variation 
than  all  the  others.  In  practical  principle  all  felts  are  alike;  the  heaviest 
carpets  and  the  lightest  cloths  are  made  by  rolling,  spreading,  and  press- 
ing damp  wool  fibres  into  the  form  of  a  cloth.  Mechanical  invention 
has  touched  the  industry  lightly,  changing  little  the  central  felting 
operation.  It  shares  the  advantage  of  the  improvements  and  machines 
employed  in  wool  preparation  with  the  other  wool  industries. 

As  weaving  is  the  art  of  interlacing  spun  threads  to  form  a 
fabric,  it  came  after  spinning;    but  how  long  was  the  interval  between 


6  THE   TEXTILE    INDUSTRIES 

the  invention  of  the  spun  thread  and  the  advent  of  the  weaver  we 
have  no  means  of  knowing.  Some  of  the  cloths  found  in  neoHthic 
strata  are  twilled,  indicating  at  once  that  weaving  had  made  some 
progress  even  then,  and  that  the  weaver  has  been  an  artist  from 
almost  the  beginning  of  his  day. 

If  the  absolute  origin  of  weaving  is  hidden  in  the  lost  deeps  of 
the  past,  we  are  not  altogether  without  evidences  which  help  to 
illustrate  the  gradations  of  textile  craftsmanship.  Ethnologists  have 
not  yet  ascertained  beyond  possibility  of  question  whether  all  mankind 
sprang  from  one  origin,  or  whether  the  distinctive  races  developed 
separately.  In  the  former  case  we  may  suppose  that  the  earliest 
branches  which  wandered  off  took  with  them  only  those  arts  and 
human  traits  which  then  were  common  to  the  whole  family.  On 
the  other  hand,  if  races  have  been  separately  developed,  such  primitive 
arts  as  weaving  must  have  been  invented  many  times.  There  is 
nothing  improbable  in  either  hypothesis;  we  know  that  the  power 
loom  was  invented  twice  at  least.  A  curious  example  of  the  effect 
of  migration  upon  the  culture  of  various  branches  of  the  same  race 
occurs  in  Polynesia.  The  present  inhabitants  of  these  islands  are 
generally  supposed  to  belong  to  a  branch  of  the  Mongolian  race,  and 
they  must  have  migrated  at  a  remotely  distant  period.  One  of  the 
evidences  of  the  fact  is  the  rudimentary  stage  of  weaving  among 
Polynesians.  These  people  spin  cotton  by  hand  into  thick  ropes, 
sling  several  of  the  ropes  between  two  tree  branches,  and  plait  others 
of  the  ropes  across  the  slung  cords  to  make  the  hammocks  in  which 
they  sleep  and  rest.  Here,  quite  clearly,  we  have  the  rudest,  if  not 
the  first,  method  of  combining  warp  and  weft.  The  slung  warp  is 
the  one  common  feature  of  all  kinds  of  weaving,  and  persists  to 
this  day. 

It  is  possible  to  illustrate  every  stage  of  weaving,  from  the  lowest 
to  the  highest,  by  collecting  fabrics  woven  at  the  present  hour  in 
various  parts  of  the  world.  From  the  open-textured  hammocks  of 
Polynesia,  the  plaited  loin  cloths  of  many  savage  races,  the  rude 
cotton  fabrics  of  Brazilian  aborigines,  the  rough  and  loose  canvases 
of  Hindu  jute  weavers,  the  irregular  woollens  of  the  weavers  of  Harris, 
up  to  the  most  gorgeous  of  silk  brocades  and  the  finest  of  broad- 
cloths, the  gradations  are  slight  and  readily  traced. 

The  development  of  the  hand  loom  itself  has  proceeded  upon  lines 
similarly  graded.  In  the  slung  warp  of  Polynesia  there  is  the  embryo 
form   of  the   loom.     Some  of  the   looms  at  present  employed   by  the 
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natives  of  various  regions  of  Africa  are  little  more  than  slung  warps; 
the  looms  of  the  Nepaulese  are  flimsy  structures  easily  removable 
from  one  spot  to  another;  even  the  looms  of  ancient  India,  famed 
for  the  beauty  of  their  productions,  have  no  warp  beam,  and  the 
heddles,  batten,  sley,  and  cloth  beam  are  slung  between  two  con- 
venient trees. 

To  avoid  misunderstanding,  it  is  perhaps  necessary  here  to  offer 
a  twofold  explanation.  We  do  not  suggest  that  each  successive 
improvement  in  cloth  structure  sprang  directly  from  the  form  just 
a  trifle  more  rude.  Weaving  is  an  art,  and  the  motions  of  the  art 
spirit  are  not  along  the  plodding  levels  of  material  things,  but  by 
leaps  and  flights.  Climatic  conditions,  resources  in  raw  materials,  and 
social  changes  affect  the  progress  of  every  kind  of  industry.  But  the 
world  process  still  remains,  and  if  one  nation  has  chanced  to  over- 
leap a  stage  or  two  in  the  movement  from  the  lowest  to  the  higher 
fabrics,  the  whole  industry  has  moved  forward  in  the  slow  plodding 
manner  from  grade  to  grade. 

Nor  can  it  be  said  that  improvement  in  loom  structure  is  always 
coincident  with  advance  in  the  weaving  art.  On  the  contrary,  the 
dazzling  brocades  and  velvets  worn  by  Indian  princes  on  occasions 
of  state  ceremony  have  been  woven  on  very  simple  looms,  while 
looms  of  almost  perfect  mechanical  structure  are  employed  in  the 
weaving  of  cotton  blankets  in  Lancashire. 

Having  admitted  so  much,  we  come  back  to  the  general  course  of 
progressive  development.  Unless  the  weaver  is  to  bear  for  ever  the 
whole  burden  of  cloth  production  and  the  modifications  brought  on 
by  artistic  desire,  some  changes  must  be  made  upon  the  loom.  During 
the  course  of  unknown  ages  of  weaving,  four  distinct  kinds  of  fabric 
have  been  evolved ;  these  are  cloths^  gauzes^  velvets,  and  carpets.  It 
is  possible,  by  long  patience  and  heavy  labour,  to  make  one  loom 
weave  all  those  fabrics;  but  the  same  intelligent  adaptation  of  means 
to  ends  as  brought  the  loom  itself  into  existence  has  been  at  work 
and  altered  the  structure  of  the  tool  to  suit  the  different  forms  of 
fabric  or  methods  of  weaving.  From  this  have  come  the  four  great 
divisions  of  the  weaving  industry  and  the  four  distinct  types  of  loom. 

Cloth  making,  as  we  have  said,  is  the  interlacing  of  one  set  of 
threads  with  another  in  a  crossing  direction,  the  weaving,  simply, 
of  warp  and  weft.  Upon  that  simple  basis  endless  variation  has 
been  wrought. 

Because  plain  cloth  is  woven  by  crossing  alternate  threads  of  warp 
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and  weft  upon  each  other,  it  was  found  convenient  to  separate  the 
alternate  threads  of  the  warp  in  some  such  fashion  as  would  enable 
the  weaver  easily  to  operate  each  set  at  one  stroke.  Many  curious 
and  crude  contrivances  were  adopted,  but  the  device  which  contained 
within  it  the  germ  of  scientific  warp-shedding  was  that  of  the  Hindu 
weaver  who  leased  the  warp  into  two  equal  divisions,  of  alternate 
threads,   and   then    knotted   or   looped   a   cord    round    each    thread   in 
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both  sets.  He  gathered  all  the  cords  of  each  set  into  a  single  knot, 
tied  a  dependent  cord  on  both,  looped  the  hanging  end,  and  operated 
the  warp  shed  by  putting  his  toes  through  the  loops. 

Having  thus  obtained  control  of  the  shedding  of  his  warp,  the 
weaver  could  manipulate  it  in  several  ways.  He  could,  if  he  chose, 
put  two  or  three  warp  threads  through  each  loop,  and,  by  working 
these  threads  as  one,  produce  a  corded  cloth.  By  holding  the  halves 
of  the  warp  apart,  while  sending  the  weft  stick  through  three  or  four 
times,  he  could  make  rep  cord. 
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From  dividing-  the  warp  in  two  to  parting  it  into  thntc  was  a 
simple  step,  but  one  which  involved  more  than  the  mere  alternation 
of  weft  and  warp.  When  the  w^eaver  made  this  advance  he  must 
have  had  a  definite  idea  of  what  he  wanted  to  be  at.  If  he  had  only 
lifted  the  same  one  division  and  always  crossed  it  with  the  other 
two,  he  could  merely  make  an  irregular  cloth.  But  by  lifting  heddles 
I  and  2,  and  depressing  3,  the  first  shot;  lifting  2  and  3  the  second, 
and  3  and  i  the  third,  he  obtained  the  first  form  of  that  large  class 
of  cloths  called  hvills,  the  distinguishing  feature  of  which  is  a  fine 
diagonal  grain  on  the  surfaces  of  the  textures. 

The  genius  who  invented  twilling  was  a  great  artist  and  the  beginner 
of  fine  weaving  in  all  its  varieties.  It  is  highly  probable  that  twilling 
was  devised  before  even  the  loom  was  more  than  a  slung  warp,  and 
the  invention  of  twilling  by  leashed  cords  or  heddles  came  long  after. 
We  know  that  many  designs  were  laboriously  wrought  by  hand 
previous  to  the  invention  of  mechanisms  for  weaving  them.  However 
that  may  have  been,  the  twilling  of  cloths  was  a  great  step  in  the  art 
of  weaving. 

Twill  patterns  extend  up  to  16  or  more  warp  threads,  technically 
named  ends,  closely  graded,  and  varied  in  every  conceivable  pro- 
portion ;  but  it  is  doubtful  whether  any  large  numbers  of  twills  \vere 
woven  before  the  invention  of  heddles.  The  close  division  of  the 
warp  involved  in  8-end,  lo-end,  and  i6-end  twills  caused  trouble 
which  would  hardly  seem  repaid  in  the  eyes  of  the  weaver.  It  is 
more  likely  that,  twill  having  taught  him  the  way  to  produce  figures, 
the  craftsman  pushed  on  to  the  more  pictorial  and  artistic  designs. 

The  oldest  examples  of  figured  cloths,  dating  from  about  3000  B.C., 
are  tapestries  ornamented  with  coloured  threads  let  into  the  weave. 
This  illustrates  the  error  sometimes  made  of  tracing  the  develop- 
ment of  weaving  from  the  simplest  to  the  complex  by  regular  grades. 
Though  now  ranked  among  the  most  advanced  of  textile  designs, 
figures  made  by  extra  wefts  and  extra  warps  were  among  the  first 
efforts  at  ornament,   and  may  even  have  been  before  twills. 

When  he  had  been  taught  by  experience  the  art  of  dyeing  yarns, 
and  how  to  combine  them  in  warp  and  weft,  the  weaver  started  on 
another  range  of  cloths,  making  stripes,  checks,  geometrical  and 
natural  figures  with  colour  alone. 

Vast  as  the  variety  of  woven  cloths  is,  the  starting-points  from 
which  all  these  variations  have  sprung  are  few:  plain  weave,  cord, 
twill,  colour  in  %mirp  and  weft,  stripe,  check,  figure,  extra  weft,  extra 
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warp,  faced  cloth,    and   double  cloth.     From    these,    grade   by   grade, 
range  by  range,  the  whole  wide  choice  of  cloths  has  been  evolved. 

Closeness  of  texture  is  an  essential  quality  in  all  cloths;  the  close 
combination  of  warp  and  weft  is  necessary  to  coherence  of  the  fabric. 
Firmness  of  texture  demands  the  sacrifice  of  lightness.  But  in  the 
sunny  East,  where  climatic  conditions  and  sensuous  refinement  alike 
crave  for  filmy  fabrics,  the  weavers  discovered  a  method  of  fabrication 
which  consists  of  weaving  warp  with  warp  and  securing  the  combination 

by  a  thread  of  crossing  weft.  Leasing 
and  dividing  the  warp  as  for  plain 
cloth,  the  gauze  weaver  brings  every 
second  thread  under  its  fellow;  when 
weaving,  he  lifts  this  crossed  end 
round  over  the  thread  next  to  it,  and, 
while  in  that  posture,  brings  a  shot  of 
weft  through  between  the  shed  formed, 
preventing  the  crossed  ends  from  get- 
ting back  over  the  ends  upon  which 
they  have  been  twisted.  The  fabric 
made  is  a  kind  of  fine  netting,  and  is 
known  as  gauze  or  muslin.  Though 
very  popular,  this  class  of  fabrics  is 
limited  in  range,  the  varieties  consist- 
ing chiefly  of  twilling,  alternations  of 
plain  cloth  and  gauze,  figuring  with 
extra  wefts  and  extra  warps.  It  was 
for    gauze     fabrics     that     lappet    and 


AXMINSTER 
(MOQUETTE) 


KNOTTED     PILE 
HAND     MADE 


Fig.  2. — Diagrams  Illustrating  Plain  and  Crossed 
Weaves  and  various  Piles 


swivel  mountings  were  invented. 


Velvets,  or  plush  pile  cloths,  form  another  distinct  class  of  woven 
fabrics.  It  may  be  said  that  the  pile  cloth  is  involved  in  the  extra 
warp  cloths  of  common  weaving;  but,  though  it  is  possible  that 
velvets  may  have  arisen  from  the  employment  of  extra  warps  by 
the  weaver,  the  formation  of  the  pile  constitutes  a  special  class  of 
fabric.  The  pile  is  formed  by  looping  up  the  extra  warp  with  wires, 
weaving  it  into  the  ground,  or  cloth  base,  and  afterwards  cutting  the 
loops  to  form  pile. 

Pile  cloths  are  rich  and  much  valued,  but  the  variety  of  weaves 
is  small.  Uncut  loops,  called  terry,  plain  velvet,  Utrecht  velvet, 
figured  velvets,  designs  in  colour,  imitation  furs,  and  brocade  con- 
stitute the  chief  varieties  of  the  pile  weave. 
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The  plush  name  is  now  given  to  cotton  and  flax  and  jute  pile 
fabrics.  Imitation  pile  fabrics,  woven  chiefly  as  broken  twills,  and 
afterwards  cut,  are  called  velveteens. 

Knotted-pile  or  carpet  fabrics  constitute  the  fourth  class  of  woven 
commodities.  Because  of  the  large  part  which  handiwork  plays  in 
the  construction  of  these  fabrics  we  are  tempted  to  believe  them 
among  the  most  primitive  of  textiles.  The  warp  cords  are  stretched 
at  tension  across  a  space,  or  perpendicularly,  and  upon  these  small 
tufts  of  coloured  wools  are  tied  in  close  rows,  to  form  a  pile  surface. 
Here,  it  is  true,  we  have  almost  a  reproduction  of  the  Polynesian 
hammock;  but  there  is  also  the  constructive  idea  of  binding  weft 
and  inserted  pile.  Developed  earlier  or  later,  the  knotted-pile  carpet 
has  retained  its  primary  structure  and  method  of  fabrication  longer 
than  any  other.  The  true  knotted-pile  or  Oriental  carpet  is  still 
woven  by  hand,  and  with  no  other  semblance  to  a  loom  than  the 
two  beams  between  which  the  warp  and  the  fabric  are  stretched. 

Plush-woven,  gauze-woven,  and  cloth-woven  fabrics  are  used  as 
carpets,  but  the  distinguishing  quality  of  the  carpet  fabric  is  the 
knotted  pile. 

The  third  great  class  of  textiles  are  netted  fabrics,  clearly  dis- 
tinguished from  woven  fabrics  by  the  fact  that  neither  warps  nor 
wefts  are  employed  in  making  them,  but  only  one  continuous  thread. 
As  we  hinted,  the  net  may  have  been  made  before  cloth,  but  not  as 
a  textile  article.  One  of  the  very  first  uses  of  the  spun  thread  was 
probably  the  fishing  net ;  its  employment  as  a  fabric,  however,  must 
have  occurred  long  after.  The  essential  principle  of  netting  is  the 
formation  of  a  continuous  fabric  by  looping  a  thread  upon  its  own 
length.  Employment  of  a  netted  fabric  as  a  cloth,  or  article  of 
clothing,  therefore,  is  out  of  the  question.  Net,  or  lace^  as  the  most 
typical  of  netted  fabrics  is  now  named,  has  always  been  more  or  less 
of  an  ornament,  and  though  no  one  with  any  knowledge  of  history 
can  say  that  the  useful  always  comes  before  the  ornamental,  it  appears 
to  be  practically  certain  that  lace  grew  out  of  the  adornment  of  clothed 
figures.  Perhaps  the  fabled  veil  of  Isis  was  a  glorified  fishing  net, 
but  conjecture  on  that  matter  is  useless. 

Lace,  indeed,  is  of  very  mixed  origin,  and  bears  the  marks  of  it 
to  the  present  day.  Embroidery,  fringing,  crotcheting,  and  netting 
have  all  contributed  to  lace  development,  and  still  subserve  the  industry 
in  various  ways.  On  the  one  hand,  lace  appears  on  the  garments 
of  early  Sumerian  conquerors,  about  4000  B.C.,  as  a  fringe  and  trim- 
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ming;  on  the  other  hand,  the  lace  veil  of  net,  ornamented  with 
figures,  was  worn  by  the  female  worshipper  of  Krishna  from  earliest 
times  in  India.  About  760  B.C.,  Isaiah,  the  statesman  poet,  denounced 
the  ladies  of  his  time  for  the  coquettish  use  of  veils,  which,  it  appears 
from  the  context,  must  have  been  semi-transparent  nets.  Netting,  or 
lace  making,  was  for  long  a  purely  domestic  art,  and  it  has  preserved 
that  character  to  a  certain  degree,  being  a  female  occupation.  Lace 
became  industrial  and  a  market  commodity  through  the  instrumentality 
of  the  nuns  in  the  convents  founded  early  in  the  seventh  century  of 
the  Christian  era.  Those  ladies,  self-secluded  from  the  world,  occupied 
themselves  in  making  lace  veils,  curtains,  and  other  articles  for  the 
gracing  of  Church  ceremonies  first,  and  then  engaged  in  the  manu- 
facture of  bridal  veils,  shawls,  fringes,  collars,  and  various  articles 
of  feminine  attire,  for  sale  to  bring  a  revenue  to  the  convent. 

Thus  begun,  the  industry  spread  all  over  Europe,  gradually  forming 
into  centres,  of  which  Venice,  Brussels,  Mechlin,  Valenciennes,  and 
Lille  were  the  chief.  In  its  earliest  forms  lace  was  a  netting, 
embroidered  with  figures  by  the  needle;  hence  guipure.  But  as 
the  art  grew,  the  net  foundation  tended  to  disappear  under  the 
masses  of  ornamental  needlework  with  which  it  was  loaded.  To 
give  a  stronger  foundation  linen  cloth  was  used  and  covered  over 
with  the  figuring  of  thread.  In  many  kinds  of  lace,  the  foundation 
was  abandoned,  the  whole  fabric  being  wrought  with  the  needle. 
To  make  a  wider  mesh  on  these  pure  laces,  bone  pins  were  used 
instead  of  needles. 

Lace  manufacture  was  introduced  into  Great  Britain  early  in  the 
tenth  century,  and  British  guipure  or  point  lace  was  highly  esteemed 
on  the  Continent  a  century  or  so  later.  In  1483,  to  encourage  native 
manufacture,   importation  of  lace  from  Europe  was  forbidden. 

Needle  and  bone  laces  were  the  only  netted  fabrics  known  until 
1 561,  when  Barbara  Uttmann,  a  German  lady,  devised  the  simpler 
method  of  manufacture  which  has  since  been  known  as  the  pillow  or 
cushion  method.  We  are  not  at  present  concerned  with  the  history  of 
the  industry  so  much  as  with  its  development.  The  point  to  be  noted 
here  is  the  introduction  of  a  fresh  principle  of  fabrication.  Instead 
of  the  single  thread,  Frau  Uttmann  employed  as  many  threads  as 
the  nature  of  the  fabric  required,  intertwining  and  looping  the  threads 
round  pins  fixed  on  the  pillow,  or  cushion,  over  the  traced  pattern. 

Beyond  netting,  lace  introduced  no  new  principle  of  textile  manu- 
facture.     The  exquisite    intricacies   of  hand-made    laces  add    nothing 
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to  our  industrial  equipment.  In  one  way  lace  has  enlarged  the  scope 
of  our  industry,  and  that  is  by  putting  before  us  splendid  examples 
for  the  imitation  of  the  machine-made-lace  designer. 

Some  investigators  have  suggested  that  knitting  originated  from 
the  imitation  of  lace.  However  that  may  be,  knitting  brought  into 
being  a  new  form  of  fabric.  Like  lace  or  netting,  the  knitted  fabric 
is  formed  of  a  single  thread;  but  in  this  case  the  loops  of  the  yarn 
are  used  to  build  up  a  solid  fabric.  Knitting  is  the  attempt  to  make 
cloth  by  means  of  a  single  thread.  First,  loops  are  made,  and  then 
loops  are  linked  into  the  original  loops,  giving  them  permanent  shape 
and  extending  the  fabric.  One  advantage  of  this  method  over  weaving 
is  that  it  can  shape  the  fabric  and  make  a  garment  at  once. 

Textile  manufacture  has  grown  up  from  those  roots.  The  vast 
structure  of  modern  industry  in  textiles  was  built  upon  those  small 
foundations.  By  slow  degrees,  through  many  centuries,  the  maker 
of  fabrics  separated  from  the  spinner,  and  ceased  to  produce  merely 
for  domestic  consumption.  The  spinner,  finding  ample  occupation 
in  serving  the  weaver  with  yarns,  handed  over  the  culture  and  pre- 
paration of  the  silk,  wool,  flax,  cotton,  hemp,  and  other  fibres  to 
others,  whose  occupation  and  duty  these  pursuits  became.  With 
this  division  of  labour  came  expertness,  wealth,  exchange.  In  each 
department  further  division  took  place,  and  then  the  employment  of 
tools  and  machines,  because  the  labour  processes  had  been  broken 
up  into  simple  details.  Lessening  the  cost  and  increasing  the  rate  of 
production,  machines  increased  the  wealth  of  the  industry;  having 
its  resources  thus  enlarged,  textile  manufacture  spread  itself  far  and 
wide,  calling  upon  fresh  supplies  of  raw  material,  and  sending  its 
products  to  distant  lands.  Such  is  the  position  in  which  we  find 
ourselves  to-day,  and  it  is  this  position  with  which  we  have  to  do. 

THE    PRINCIPAL   EVENTS    IN    TEXTILE    HISTORY 

Prehistoric. 

Pal£eolithic  man  had  acquired  the  arts  of  twisting  cords,  plaiting,  and 
sewing.  Fine  bone  awls,  bone  needles,  and  bone  implements,  with 
marks  of  binding  cords  on  them,   are  found  in  drift  strata. 

Neolithic  man  cultivated  the  flax  plant.  Remains  of  flax  threads, 
spindles,  spinning  whorls,  weavers'  weights,  and  remnants  of  cloths, 
some  of  them  twilled,  have  been  found  in  lake  dwellings.  From  all 
the  evidence  it  appears  that  it  was  during  the  Later  Stone  Age  man- 
kind selected  the  principal  textile  fibres  and  acquired  the  arts  of 
spinning  and  weaving. 
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8000.    During^  the  first  period  of  Egyptian   civilization   the   arts   of  spinning- 

and  weaving  were  extensively  practised. 
7000.    At  the  time  of  the  earliest-known  Asiatic  invasion  of  Egypt  the  men 

wore  a  kilt  of  linen  and  the  women   a  petticoat  of  linen   reaching 

from  the  waist  to  the  ankles. 
5800.    The  sculptures  of  the  first  dynastic  period  show  many  clothed  figures. 
5000.    According  to  Chinese  tradition,  Foh-hi,  the  first  Emperor,  taught  the 

people  silk  culture. 
4500.    The   Babylonian   carvings  of  Urnina  show  a  figure  clad  in   a  ribbed 

woollen  stuff"  from  shoulder  to  ankle. 
4400.    On  the  carvings  of  Eannatum  the  men  are  represented  wearing  a  kilt, 

fringed  above  the  knee,  apparently  of  linen. 
3600.    Babylonian  weavers  appear  to  have  become  experts  in  wool  weaving, 

the  splendid  flounced  robe  of  Ishtar,  on  the  Annubanini  stele,  being 

evidence  of  the  fact. 
3300.    Assyrian  dress  became  elaborate,  all  the  sculptures  of  the  kings  show- 
ing full  robes,  and  beautifully  embroidered  mantles. 
2600.    Empress  See-Ling-Chi  invented  the   silk-reeler  which   has  ever  since 

been  used  by  the  Chinese  in  silk  manvifacture. 
1800.    Representation  of  a  fulling  mill  on  the  tomb  of  Usertesen  II. 
1716.    "  And  Pharaoh  took  off  his  ring  from  his  hand,  and  put  it  upon  Joseph's 

hand,  and  arrayed  him  in  vestures  of  fine  linen." — Genesis,  xli.  42. 
1500.    Pictures    found    at    Beni    Hassan,    of   pre-Theban    origin,    show    flax 

workers  engaged  in  linen  manufacture. 
1451.    A  goodly  Babylonish  garment  tempted  Achan,  of  the  tribe  of  Judah  to 

preserve  the  spoils  of  Ai,  when  Israel  took  that  city  under  Joshua. 
1400.    "To  Sisera  a  spoil  of  dyed  garments,   a  spoil  of  dyed  garments  of 

embroidery." — Judges,  v.  30  (R.V.). 
962-27.    Homer,  the  Greek  poet,  mentions  laces,  embroideries,  Sidonian  dyes, 

and  weaving.     Describing   Ulysses  following  Ajax,  he  employs  the 

following  figure: 

'*  As  when  some  dapper  girdled  wife 
Near  to  her  bosom  holdeth 
The  spindle  whence  she  draweth  out 
The  rove  beyond  the  sliver, 
So  near  Ulysses  kept  and  trod 
The  very  prints  of  Ajax  ". 

896.  "Mesha  king  of  Moab  was  a  sheepmaster,  and  rendered  unto  the 
king  of  Israel  an  hundred  thousand  lambs,  and  an  hundred 
thousand  rams,   with  the  wool." — 2  Kings,  iii.  4. 

613.  Tanaquil,  wife  of  Tarquinius  Priscus,  is  said  to  have  been  the  first  to 
weave  the  straight  tunic  on  a  perpendicular  loom.  Varro  (b.c.  50) 
asserted  that  he  had  seen  in  the  Temple  of  Janus  the  wool  still 
preserved  on   the  distaff  and  spindle  of  Tanaquil.     This   tunic  was 
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worn    for    many    centuries    under    the    white    toga    by    the    young-er 
Roman  citizens. 
530.    Amasis,  of  Eg-ypt,  sent  Polycrates,  Tyrant  of  Samos,  corselets  of  curi- 
ously twined  linen  thread  for  his  troops. 
529.    A  purple  Babylonian  carpet  was  spread  upon  the  tomb  of  Cyrus. 

484-08.  Herodotus,  the  historian,  has  many  references  to  textiles.  In  Book 
II.  c.  106  he  thus  describes  cotton:  "The  wild  trees  of  that  country 
(India)  bear  fleeces  as  their  fruit,  surpassing  those  of  the  sheep  in 
beauty  and  excellence;  and  the  Indians  use  cloth  made  from  this  tree 
wool  ". 

Book  IV.  contains  a  reference  to  hemp:  "Hemp  grows  in  Scythia; 
it  is  very  like  flax;  only  it  is  much  coarser  and  a  taller  plant;  some 
grows  wild  about  the  country,  and  some  is  cultivated.  The  Thracians 
make  garments  of  it,  which  closely  resemble  linen."  The  great 
historian  also  mentions  the  cotton  drawers  worn  by  the  Indian  con- 
tingent of  Xerxes'  invading  army,  and  the  garments  of  the  inhabi- 
tants of  the  Caucasus  variegated  with  figures  dyed  with  infusions 
of  leaves. 
474.  Hempen  ropes  were  used  on  the  ships  with  which  Hiero,  King  of 
Syracuse,  gained  a  great  naval  victory  over  the  Etruscans,  obtaining 
supremacy  in  the  Tyrrhenian   Sea. 

419-348.    Iphicrates,  the  Athenian  general,  spread  carpets  on  his  floor. 

384-22.  Aristotle  mentions  that  silk  was  first  woven  by  Pamphyle,  daughter 
of  Plates,  at  Cos. 

370-287.  Theophrastus,  a  disciple  of  Aristotle,  thus  treats  of  cotton:  "The 
trees  from  which  the  Indians  make  cloths  have  a  leaf  like  that  of  the 
black  mulberry,  but  the  whole  plant  resembles  the  dog  rose.  They 
set  them  in  the  fields  arranged  in  rows,  so  as  to  resemble  vines  at 
a  distance.  They  bear  no  fruit,  but  the  capsule  containing  the  wool 
is,  when  closed,  about  the  size  of  a  quince ;  and  when  ripe  it  expands, 
so  as  to  emit  the  wool,  which  is  woven  into  cloths  either  cheap  or 
of  great  value." 

309-247.  Ptolemy  II  gave  a  magnificent  banquet,  at  which,  wrote  Callixenus 
of  Rhodes,  "  Underneath  200  golden  couches  were  strewn  purple 
carpets  of  the  finest  wool,  with  pattern  on  both  sides ;  and  there 
were  handsomely  embroidered  rugs,  very  beautifully  elaborated  with 
figures.  Besides  this,  thin  Persian  cloths  covered  all  the  centre 
space  where  the  guests  walked,  having  the  most  accurate  repre- 
sentations of  animals  embroidered  on  them." 
69.    Awnings    of   linen    were   used    in    the    theatre   when    Quintus    Catulus 

dedicated  the  Temple  of  Jupiter,   in   Rome. 
63.    Cotton   awnings   were   introduced   by  Lentulus   Spinther   at   the   Apol- 
lonaris  games,   held  on  6th  July. 

45  B.C. -18  A.D.  Ovid,  in  his  Metamorphoses,  describes  the  process  of  woollen 
manufacture  as  practised  in  his  time. 
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23-79.    Pliny,   in  his  g^reat  work,   Historia  Natiiralis,   published   in   77,   gave 
interesting-  notes  on  cotton,  flax,  wool,  and  hemp  cultures  and  manu- 
factures.    One  passage  relates  to  the  cotton  industry  of  Egypt.      "  In 
Upper   Egypt,    towards   Arabia,"   he    says,    "there   grows   a   shrub, 
which  some   call  gossypiuni,   and  others  call  xylon^   from  which   are 
made  the  stuffs  we  call  xylina.      It  is  small,  and  bears  a  fruit  resem- 
bling the  filbert,  within  which  is  a  downy  wool,  which  is  spun  into 
threads.     There  is  nothing  to  be  preferred  to  those  stuflFs  for  softness 
and    whiteness ;    beautiful    garments    are    made    from    them    for   the 
priests  of  Egypt."     In  his  account  of  flax,   Pliny  gives  the   reason 
why  flax  is  not  a  favourite  crop  with  farmers  even  at  this  day.      "  It 
has  the  property",   he  says,    "of  scorching  the  ground  where  it  is 
grown,   and  of  deteriorating  the  qualit}-  of  the  very  soil  itself." 
80.    Woollen  weaving  factory  established  at  Winchester  by  the  Romans. 
140.    Arrian,   in  his  Expeditions  of  Alexander,   mentions  the   importation   of 
muslins,  named  Gangatiki,  from  Bengal,  and  other  goods  from  India, 
into  eastern  Europe. 
400.    Silk  culture  on  the  Chinese  plan  introduced  into  India. 
420.    Silk  cloth  woven  at  Khotan. 
530.    Emperor  Justinian  took  the  silk  culture  of  Corinth  under  his  patronage, 

and  claimed  the  produce. 
680.    Bishop  Aldhelm,   in  an  essay  upon  character,   illustrated  his  meaning 

by  a  vigorous  description  of  figure  weaving. 
680.    Crape  invented  by  Sainte  Badour,  Queen  of  the  Franks,  and  first  made 

at  Boulogne. 
694.    Ine,   King  of  the  West  Saxons,  made  a  law  that  a  sheep  and  its  lamb 

be  valued  at  a  shilling,  and  that  the  fleece  be  valued  at  two  pennies. 
901.    Edward  the  Elder,  on  his  accession,   "  sette  his  sonnes  to  schole  and 

his  daughteris  he  sette  to  wool  worke  ". 
930.    Abderrahman    III    introduced  into  Spain   both   cotton    and   silk   manu- 
factures. 
1068.    Flemish  weavers  followed  William  the  Conqueror  into  England. 
1080.    First  Weavers'  Guild  formed  in  England. 
1 107.    Flemish  colony  of  weavers  settled  in  Norwich. 
1 147.    Roger,  the  Norman  King  of  Sicily,  brought  weavers  from  Corinth  to 

Palermo,  and  established  silk  weaving  on  the  island. 
1 197.    Laws  passed  by  Richard  I  regulating  the  sale  and  fabrication  of  cloths. 
1200.    Silk  manufacture  begun  in  Venice. 
1248.    Lucca,    the    chief  town   of   the   central   province    of    Italy,    beg^an    silk 

culture  and  silk  manufacture. 
1253.    Henry  III  brought  linen  weavers  from  Flanders,  to  establish  the  fine- 
linen  industry  in   this  country. 
1258.    Export  of  wool  from  England  was  forbidden. 

1298.    Cotton  noted  at  this  time  as  used  for  making  candle  wicks  in  England. 
1327.    Jack   of  Newberry   began    broadcloth    manufacture    in    England   about 
this  time. 
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1 33 1.  King-  Edward  III  brought  seventy  families  of  Walloons,  who  were 
weavers,  and  settled  them  in  England  under  royal  protection. 

1337.  Various  laws  were  passed  by  Edward  III  for  the  special  benefit  of  the 
woollen  industries. 

1339.  Broadcloth  weaving  begun  in  Bristol. 

1340.  Carpets  introduced  into  England  from  the  East. 
1348.    Norwich  worsted  trade  first  noted. 

1350.    Spanish  "mesta",  or  syndicate,  for  merino  wool  formed. 

1350.  An  Act  was  passed  by  the  Parliament  of  Edward  III  specifying  the 
kinds  and  qualities  of  woollen  cloths  to  be  made. 

1368.    London  Weavers  incorporated. 

1376.    Woollen  cloth  made  in  Ireland. 

1386.    The  Guild  or  Company  of  Linen  Weavers  was  formed  in  London. 

1390.    Coarse  cloth  noted  as  being  woven  at  Kendal. 

1430.    Earliest  note  of  importation  of  cotton  from  the  Levant  to  this  country. 

1455.    Silk  woven  by  women  in  England. 

1463.  The  Parliament  of  Edward  IV  prohibited  the  importation  of  seventy- 
five  woollen  articles. 

1483.    An  Act  of  Richard  III  increased  the  list  of  prohibited  woollen  imports. 

1483.    Importation  of  lace  prohibited  by  an  Act  of  Edward  IV. 

1488.  Vasco  da  Gama  visited  Calicut,  then  an  important  centre  of  cotton 
manufacture. 

1488.  Under  Henry  VII  woollen  manufacture  was  fostered,  and  his  Parlia- 

ment passed  an  Act  forbidding  the  export  of  cloths  which  had  not 
been  dressed. 

1489.  By  an  Act  of  Henry  VII  the  price  of  woollen  knitted  caps  was  fixed 

at  2s.  8d. 
1492.    Columbus   found   the   wild  cotton   plant  growing   on    Hispaniola   and 

other  West  Indian  Islands. 
1519.    Magellan  found  the  natives  of  Brazil  reposing  on  beds  of  cotton  down. 
1 52 1.    Silk  manufacture  established  at  Tours. 
1 52 1.    The  silk  industry  of  France  extended  to  Lyons  and  other  towns  in  the 

south. 
1530.    Palsgrave's  Grammar  shows  that  the  word  "knit"  was  already  familiar 

to  the  English  people. 
1533.    Brunswick  spinning  wheel  invented. 
1533-    By  an  Act  of  Henry  VIII  it  was  ordained  that  flax  be  sown  in  England 

by  holders  of  certain  lands. 
1533.    Sir  Thomas  I'Estrange,  Hunstanton,  Norfolk,  records  in  his  household 

book,  that  he  paid  eight  shillings  for  four  pairs  of  knitted  hose. 

1536.  Cotton  planted  on  the  mainland  of  America  by  Spanish  settlers. 

1537.  Knitted  silk  hose  worn  by  Prince  Henry,  afterwards  Henry  II  of  France. 
1549.    Edward  VI  and  his  advisers  favoured  the  Protestant  movement  on  the 

Continent,  and  offered  refuge  to  the  Flemish  weavers  then  sufifering 
under  Philip  of  Spain. 
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1554.    Fustians  first  made  at  Norwich. 

1560.  Queen  Elizabeth  obtained  silk  hose  from  Spain. 

1561.  Barbara  Uttmann  invented  pillow  lace. 

1563.  The  Statute  of  Labourers  re-enacted  by  Parliament,  specifically  men- 
tioning various  classes  of  textile  workers. 

1579.  Queen  Elizabeth  visited  Norwich.  In  her  honour  the  children  gave 
a  demonstration  of  spinning  worsted  yarn  and  the  knitting  of  hose. 

1589.  The  stocking  frame  invented  by  Rev.  William  Lee,  M.A.,  of 

Calverton. 

1590.  Sailcloth  first  woven  in  England. 

1606.    Carpet  manufacture  begun  in  France,  at  Chaillot. 

1608.    Silkworm  culture  first  attempted  in  England. 

1610.    Aston  added  on  the  fixed  sinkers  to  the  stocking  frame  and  doubled 

its  capacity. 
1 614.    The  practice  of  dyeing  wool  before  spinning  first  known  to  be  practised 

in  this  country. 

1619.  Tapestry  weaving  established  at  Mortlake. 

1620.  The  broad  silk-cloth  trade  begun  in  England. 

1626.    Lace  making  by  hand  taught  at  Great  Marlow,  England. 

1630.  The  Saxony  or  Leipsic  wheel,  with  bobbin  and  flyer,  invented. 

1631.  Calico  imported  into  England. 

1641.    Irish  spinners  export  yarns  to  Manchester,  where  they  were  woven. 
1641.    A  book,  written  by  a  Mr.   Roberts,  named  The  Treasure  of  Traffic,  is 

the  first  publication  which  gives  an  account  of  the  Manchester  cotton 

industry,  which  was  then  considerable. 
1646.    French  fine  woollen  manufacture  established  by  Mazarin. 
1650.    Lace  manufacture  begun  in  Buckinghamshire. 

1656.  London   framework  knitters  appeal  to  Oliver  Cromwell  for  a  Charter 

of  Incorporation. 

1657.  The  Charter  of  Incorporation  was  granted. 

1663.  Charter  of  London  Framework  Knitters  renewed  by  Charles  II. 

1664.  Colbert   established    a   carpet   factory    at    Beauvais,    France,    and    en- 

couraged lace  manufacture. 

1666.  To  increase  the  British  woollen  trade  an  Act  was  passed  by  Parliament, 

ordaining  that  all  persons,  of  whatever   rank,  should  be  buried   in 
woollens. 

1667.  The  French  Government,  under  Colbert,  bought  the  carpet  and  tapestry 

factory  of  Gobelins. 
1670.    Muslins  imported  into  England. 
1685.    Revocation  of  the  Edict  of  Nantes,  by  which  800,000  of  the  artisan 

population  of  France  were  driven  from  the  country,  and  compelled 

to  find  refuge  elsewhere. 
1685.    Nearly  70,000  refugees  from  France  settled  in  various  parts  of  Great 

Britain.     Many  of  the   Huguenots  being  textile  workers,  the  silk. 
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linen,  and  woollen  industries  received  considerable  impetus  from  their 

skill  and  energfies. 
1685.    French  refugees  settled  at   Lisburn,  and  made  industrial  the  spinning 

and  weaving  of  flax  there,   hitherto  merely  domestic. 
1685.    Calendering  machine  first  used  in  England. 
1687.    Charter  granted  to  Irish  framework  knitters. 

1687.    First  attempt  at  spinning  by  machinery,  by  Dereham  and  Haines. 
1696.    Calico  printing  introduced  into  Great  Britain. 
1696.    Act   of   William    III    prohibiting    importation   of   woollen    goods    from 

Ireland  into  England.      By  the  same  Act   Irish  flax  and  hemp  yarns 

were  admitted  duty  free. 
1700.    Wearing  of  cotton  goods  prohibited  in  England. 
1707.    Irish  Parliament  passed  a  special  vote  of  thanks  to  Louis  Crommelin 

for  his  exertions  in  promoting  the  linen  trade  of  the  country. 
17  ID.    Frame-breaking  riots  in  London. 

171 1.  The  Board  of  Trustees  for  Linen  Manufacture  in  Ireland  constituted. 

17 1 2.  Act  prohibiting  the  use  of  printed  goods  in  England  passed  by  Parlia- 

ment. 
17 16.    Paisley  sewing-thread  manufacture  begun  by  Christian  Shaw,  of  Bar- 

garran,    Renfrewshire. 
17 18.    Silk-throwing  factory  established  at  Derby. 
1 72 1.    Act  of  Parliament  imposed  a  fine  of  ;^5  on  the  wearer  and  ;^20  on  the 

vendor  of  cotton  goods. 
1727.    Act  passed  making  machine  breaking  a  capital  off"ence. 

1727.  Scottish  Board  of  Manufactures  constituted. 

1728.  Falcon,  a  French  mechanic,  invented  the  first  machine  for  the  manage- 

ment of  the  loom   harness,  anticipating  in  most  important  respects 
the  Jacquard. 

1729.  Birth  of  Jedediah  Strutt,  inventor  of  Derby-rib  stocking  frame. 

1730.  Act  of  Parliament  passed  allowing  goods  with  linen  warp  and  cotton 

weft  to  be  printed,  on  paying  an  excise  duty  of  6^.  per  square  yard. 
1730.    Cotton  stockings  first  woven. 

1732.  Richard  Arkwright  born. 

1733,  John  Kay,  of  Bury,  substituted  brass  wires  for  canes  in  the  dents  of  the 

reed. 
1733.    Invention  of  the  fly  shuttle  by  John  Kay  of  Bury. 

1737.  Invention  of  the  roller  spinning  machine  by  John  Wyatt. 

1738.  Mechanical  carder  invented  by  Lewis  Paul. 

1740.  The  beginning  of  improvement  upon  the  stocking  frame  was  the  intro- 
duction this  year,  from  Ireland,  of  an  instrument  for  gathering  the 
loops,   named  the  tuck  presser. 

1746.  Vaucanson,  the  famous  French  scientist  and  mechanician,  patented  a 
machine  for  governing  the  loom  harness,  similar  in  principle  to  the 
Jacquards  now  used. 

1748.    Improved  carders  patented  by  Lewis  Paul. 
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1749.  The  system  of  soaking:  and  crofting-  of  bleached  linen  goods  introduced 

into  Scotland. 

1750.  Brussels-carpet  weaving  introduced  into  England  by  a  Belgian 

weaver. 
1750.    Machinery  for  breaking  and  scutching  flax  introduced  into  Scotland. 
1752.  Joseph  Marie  Jacquard  born. 

1752.  Jedediah  Strutt  invented  the  Derby-rib  appliance  for  stocking- 

weaving  in  its  first  form. 

1753.  Samuel  Crompton  born. 

1754.  Importation  of  French  silk  hose  prohibited. 

1755.  Axminster  carpets  first  woven  in  England. 
1758.    Strutt's  Derby-rib  machine  patented. 

1760.  Drop  shuttle  on  the  hand  loom  invented  by  Robert  Kay. 

1761.  Prize  offered  by  the  Society  of  Arts  for  the  best  invention  for  spinning 

textile  fibres  by  machinery. 

1762.  James  Hargreaves  devised  an  improved  carder. 

1764.   James  Hargreaves  invented  the  spinning  jenny. 
1764.    John  Morris,  of  Nottingham,  patented  a  mechanical  tickler  for  moving 
the  stitches  on  the  stocking  frame,  to  make  fancy  hose. 

1767.  Arkwright  invented  his  roller  spinning  frame. 

1768.  Arkwright  took  out  a  patent  for  the  water  frame. 

1768.    Crane,  of  Edmonton,  applied  the  warp  frame  to  the  stocking  machine. 

1768.  Hammond,  of  Nottingham,  made  lace,  named  imitation    Valenciennes, 

on  the  stocking  frame. 

1769.  Robert  Frost  patented  a  lace  w^eb  frame,  the  needles  being  operated  on 

the  organ-barrel  system. 

1769.  Josias   Crane,   of  Edmonton,    and   J.   J.    Porter   invented   a  brocading 

stocking  frame. 

1770.  Silk-stocking  weavers  in  London  attempted  to  terrorize  those  of  their 

number  who  broke  rates,  by  cutting  out  their  warps  and  destroying 
their  looms. 
1770.    First  shipment  of  cotton  from  America  to  this  country. 

1770.  Else  and  Harvey  patented  the  pin  stocking  frame. 

1771.  Invention  by  Hohlfield,  of  Hennerdorf,  Saxony,  of  a  figuring  loom. 

177 1.    Arkwright   improved   the   carder   and   other  spinning   machinery  when 

constructing  his  new  mill  at  Cromford. 
1 77 1.    Richard  March  and  William  Horton  took  out  a  patent  for  a  machine 

able  to  make  knotted  hosiery. 

1773.  Frame- breaking  riots  at   Leicester.     Newly   invented   stocking  frame 

destroyed  by  the  rioters. 

1774.  Rhambolt  took  Else  and  Harvey's  pin  machine  to  France. 
1774.    Scheele  discovered  chlorine. 

1774.    Restriction   by   Government   upon    printed    cloths    removed,   and  duty 
reduced  from  dd.   to  3^.   per  square  vard. 
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1775.  Arkwright's  comprehensive  patent  for  improvements  in  cotton- 
manufacturing  machinery. 

1775.  Crane,    of  Edmonton,   claimed   to   have   invented   the   warp  frame,   in 

competition  with  James  Tarratt  and  others. 

1776.  William  Brockley,  a  poor  workman  of  Nottingham,  invented  a  frame 

for  giving  hosiery  a  twilled  face. 

1777.  Holmes,  a  stocking  maker,  devised  the  two-plain  net  machine,  making 

a  kind  of  lace  mesh,  said  by  many  to  be  the  first  real  lace-making 

machine. 
1777.    Robert  Frost  obtained  a  patent  for  a  machine  making  an  article  called 

square  net. 
I'j'jZ.    Muslin  woven  in  Great  Britain. 

1779.  Samuel  Crompton  gave  his  spinning  mule  to  the  world. 

1780.  Machine-breaking  riots  at  Leicester. 

1782.  James  Watt  patented  his  steam  engine. 

1783.  John  Heathcoat,  inventor  of  the  bobbin-net  frame,  born. 

1783.  First  shipment  of  cotton  from  the  East  Indies  to  this  country. 

1784.  BerthoUet,  the  French   chemist,  discovered  that  an   aqueous   solution 

of  chlorine  discharges  vegetable  colours. 

1784.  The  hosiery  wrap  frame  made  practical  and  of  common  use. 

1785.  James  Watt  introduced  Berthollet's  chlorine  discovery  into  Scotland. 
1785.    Cylinder  printing  machine  for  calico  invented  by  Bell,  of  Glasgow. 
1785.    Edmund  Cartwright  invented  the  power  loom. 

1785.  Arkwright's  patents  annulled. 

1786.  Cotton  seed  imported  from  the  Levant  and  planted  in  the  Bahamas. 
1786.  Systematic  cultivation  of  cotton  begun  in  Georgia  and  South  Carolina. 
1786.  Spanish  merinos  brought  from  selected  flocks  of  Spain,  and  bred  on  the 

Rambouillet  farm  of  the  French  Government. 

1786.  John  Rogers,  of  Mansfield,  made  fast  point  net  on  a  frame  of  his 
invention. 

1786.    Cartwright  invented  self-acting  temples  for  the  loom. 

1788.    First  American  cotton  factory  built  at  Beverley,  Mass. 

1788.  Brookhouse,  then  a  workman  with  Coltman  and  Gardiner,  wool- 
combers,  Leicester,  invented  the  system  of  gilling  for  worsted  manu- 
facture. 

1788.    Machine-breaking  riots  in  Leicester. 

1788.    Brookhouse  removed  from  Leicester,  and  set  up  business  in  Warwick. 

1788.  Spanish  merino  sheep  imported  into  England. 

1789.  Richard  Roberts,  inventor,  born. 

1790.  William  Kelly,  of  Lanark,  applied  water  power  to  the  mule  spinning 

frame. 
1790.    William  Dawson  invented  the  diff"erential  motion  known  as  Dawsons 

wheels. 
1790.    Samuel    Hague  patented    a   machine   for  making   elastic    double- knit 

goods. 
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1790.  American  sea -island  cotton   tested  by  Robert   Owen  for  the  spinners 

of  Lancashire,  to  whom  samples  were  offered. 

1791.  Headstock   of   spinning   mule    invented    by   "Wright,    of  Man- 

chester. 
1791.    William  Dawson  invented  a  point-net  machine. 
1791.    Spanish  merino  wool  imported  into  Great  Britain. 

1791.  Import  trade  in  American  cotton  begun  on  an  extensive  scale, 

189,361  lb.  being  imported. 

1792.  Kelly's  self-acting-  mule  patented,  though  never  worked. 

1792.  Cartwright  took  out  his  last  patent  for  his  combing  machine. 

1793.  Kennedy,  of  Manchester,  devised  a  differential  drive  for  the  mule  frame. 
1793.    Dr.  Henry,  of  Manchester,  substituted  lime  for  potash  in  the  chlorine 

bleach,   and  spread  it  upon  the  cloth. 

1793.  Eli  "Whitney  invented  the  saw  gin  for  cleaning  cotton. 

1794.  First  combing  machine  used  In  Bradford. 

1794.    Thomas  Frost  made  a  point  net  by  modifying  a  hosiery  warp  frame. 
1796.    Upright  warp  frame  for  hosiery  patented  by  Brown  and  Pindar. 
1796.    Smith,    of   Deanston,    Stirlingshire,    invented   a   stop    motion   for   the 
cotton  drawing  frames. 

1796.  Fast-reed  stop  motion  invented  by  Robert  Millar. 

1797.  Captain   Macarthur,   New   South  "Wales,  introduced  into  that 

colony  three  merino  rams  and  five  ewes. 

1798.  Charles  Tennant,  of  Glasgow,  made  bleaching  powder. 

1798.  Jacquard  made  practical  the  loom  appliance  now  known  as  the 
Jacquard  machine. 

1800.  Balling  machine  invented  by  M.  I.  Brunei. 

1801.  Jacquard  perfected  his  warp-sheddIng  appliance. 

1801.  Bowden  invented  the  first  willowlng  machine. 

i8oi.    Cotton-scutching  machine  invented  by  Snodgrass,  Johnstone,  Scotland. 

1802.  Robert   Brown   invented   fishing-net   machine,   the   first   of  bobbin-net 

frames. 

1803.  The  power  loom  made  effective  by  Horrocks  of  Stockport. 

1804.  Dressing  machine  Invented  by  Johnston  and  Radcliffe. 

1804.  Upright  warp  frame  invented  by  Robert   Brown,  James  Tarratt,  and 

James  Ewing  separately. 

1805.  Samuel  Cartledge  made  twisted  cotton  yarns  suitable  for  lace  manu- 

facture. 
1807.    Davi'son's  unequal  wheels  applied  to  the  hosiery  warp  frame. 

1807.  VIckers  and  Gray  applied  spotting  bar  and  wheels  to  the  hosiery  frame. 

1808.  Heathcoat  invented  his  first  bobbin-net  machine. 

1808.  Joseph  Page  made  double-pressed  point  net  from  cotton  yarn. 

1809.  Merino  sheep  introduced  into  America. 

1809.    Heathcoat  invented  and  patented  his  second  bobbin-net  machine. 
1809.    KIrkland,  of  Beeston,  produced   two-course   net  by  adding  Dawson's 
wheels  to  the  lace  warp  frame. 
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[810.    John  Moore  invented  platted-net  machine  at  Croydon 
[810.    Woollen  and  cotton  stockings  first  made  at  Leicester 
[811.    John  Brown  took  out  patent  for  bobbin-net  warp  traverse  frame. 
[811.    Riota  of  frame  knitters  in  Nottingham,  1000  frames  being  broken. 
[811.    George  Morrison  and  Daycock  put  differential  wheels  and  dividing  bar 
on  warp  frame  and  produced  silk  blonde. 

!i2.    Disturbances   in   Nottingham  district  continued  for  nearly  five  years, 
resulting  in  the  transportation  and  hanging  of  numerous  workmen. 

112.    Pusher  machine  invented  by  Samuel  Clark  and  James  Mart. 
[812.    Straight-bolt  machine  patented  by  Kendall  and  Morley. 
[812.    Morley  invented  circular-bolt  machine. 

)i2.    Duty  on  printed  cottons  increased  to  3^^^.  per  square  yard. 
[813.    Lace  loom  invented  by  John  Levers. 

!i3.    Shoddy  in  woollen  manufacture  invented  by  Benjamin  Law  of  Batley. 
[814.    Horrocks  applied  the  power  loom  to  cotton  weaving. 

)i5.    Woollen  shirts  woven  on  the  stocking  frame  at  Leicester. 

1815.  Lace    manufacturers,    in    public    meeting    assembled,    thanked    Samuel 
Cartledge  for  his  gift  of  cotton  threads  to  the  lace  trade. 

[816.  Aaron  Hill  invented  plain  ground  net. 

1816.  Richard  Roberts  set  up  in  Manchester  as  a  mechanic. 
[816.  Calendering  introduced  into  linen  manufacture  in  Scotland. 
[816.  M.  I.  Brunei  invented  the  circular  knitting  machine. 
[816.  Bobbin-net  lace  frame  smuggled  into  France. 

!i6.    Warp  pearlings  introduced  by  Fowkes,  of  Leicester,  and  Kirkman,  of 
Nottingham. 
[816.    John  Lindley  applied  power  to  the  lace  frame. 
[817.    Gassing  machine  patented  by  Samuel  Hall,  Nottingham. 
!i8.    Invention  of  copping  motion  on  the  mule,  by  William  Eaton,  Wilne, 

Derbyshire. 
!i8.    John  Heathcoat  established  a  lace  factory  in  Paris. 
)i8.    Slubbing  process  adopted  in  machine  manufacture  of  cotton. 
>i8.    Flint's  point-net  machine  patented  by  Taylor. 
[820.    Sewell  invented  the  turn-again  motion  for  the  lace  loom. 
[820.    Pusher  bars  improved  on  the  lace  loom  by  Joshua  Crowder,  John  Day, 

and  Richard  Seymour,  of  Nottingham,  and  F.  Moore,  of  Radford. 
[821.    Samuel  Hall  brought  out  his  famous  starch. 
[821.    Egyptian  export  trade  in  cotton  begun. 
1821.    Power  loom  employed  by  linen  manufacturers  in  Scotland. 
[822.    Richard    Roberts   took   out   his  first   patent   for   improvements   on    the 

power  loom. 
[822.    Copestake,  of  Stapleford,  and  Read,  of  Radford,  devised  a  machine  for 

warp  tattings. 
[824.    William    Hardy  improved   the   lace  warp   tatting  machine  and  made 

spottings  and  figures. 
[824.    Single-roller  temples  invented  by  J.  C.  Daniell. 
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[824.    Levers'  lace  loom  set  up  in  France. 

[824.    Morley's  plain-net  machine  improved. 

[824.    Jackson  and   Henson,  Worcester,  took  out  a  patent  for  fluted  locker 

rollers  on  the  carriages  of  the  lace  loom. 
[825.    Roberts  invented  the  self-actor  spinning  mule. 
[825.    Danforth  tube  frame,  an  American  invention,  patented  in  this  country 

by  J.  C.  Dyer,  Manchester. 
[826.    Houldsworth  patented  the  equational  box  to  regulate  the  speed  of  the 

spindles  on  the  bobbin-and-fly  frame. 
[826.    Chenille    applied    as    pile    weft    for    shawls    and    carpets    by 

Alexander  Buchanan,  Paisley. 
[827.    Death  of  Samuel  Crompton,  inventor  of  the  mule  frame. 
[827.    Piatt  and  Collier's  combing  machine  patented. 
[828.    Ring   spinning   frame  invented    by  Jenks,    Pavvtucket,    Rhode   Island, 

U.S.A. 

[829.    Throstle  spinning  frame  patented  in  Great  Britain. 
[829.    Limerick  lace  introduced  on  the  English  market. 
[829.    Rotary  Levers  loom  invented  by  Bailey,  Leicester. 
[830.    William  Jennings   patented   the   Jacquard   without   the   gryffe,    mostly 

used  in  carpet  weaving. 
[830.    Sir  Titus  Salt  introduced  alpaca  into  England. 

;i.    Truck  Act  passed,  afi'ecting  all  classes  of  textile  workers. 
[831.    Duty  on  printed  goods  abolished. 
[831.    Queen   Adelaide  appeared   at   a  ball  w^earing  a  dress   of  Nottingham 

silk  lace. 
,1.    William    Sneath    invented    lace    spotting    loom,    on    the    circular    bolt 

system. 

[832.  Jute  manufacture  established  in  Dundee. 
[833.    William    Herbert   took  out    a   patent  for  imitation    of  bobbin   net    in 

tatting. 

[834.    Loose  reed  stop  motion  invented  by  Hornby  and  Kenworthy. 
[834.    Weft  fork  stop  motion  patented  by  Ramsbottom  and  Holt. 
[834.    Fairburn,  Leeds,  took  out  a  patent  for  a  screw  gill. 
[835.    Crofts  patented  inventions  for  spotting,  meshing,  netting,  figuring,  and 

various  other  fabrics,  on  the  circular,  pusher,  and  Levers  machines. 
[836.    Henry  Dunnington  took  out  the  first  of  his  several  patents  for  improv- 
ing the  warp  frame. 
6.    Mr.   Richard  Birkin,   Belper,   patented  method  of  producing  spots  and 

honeycombs  on  Levers'  lace  loom. 
[836.    Crofts  patented  application  of  Jacquard  to  bobbin-net  machine. 
[836.    Thomas   Alcock   effected   numerous   improvements   upon    the   lace   and 

hosiery  frames,  which  he  embodied  in  what  was  called  a  "monster" 

patent. 
1837.    Samuel   Draper,   Whitemoor,    patented    an   application  of  Jacquard  to 

hosiery  warp  machinery. 
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838.    Patent  Axminster  Carpet  perfected  by  Templeton,  of  Glasg^ovv. 

838.  Bennett  Woodcroft  patented  a  positive  tappet  for  controlling'  heddles. 
S38.    Luke    Barton,    of    Arnold,    invented    a    hosiery    frame    for    producing 

fashioned  goods. 

839.  Tapestry  carpet  invented  by  Richard  Whyttock,  of  Edinburgh. 
839.    Draper  applied  Jacquard  to  lace  warp  frame. 

839.  Whiteley  &  Co.  patented  taffeta  machine. 

840.  Charles  Parker  patented  a  shuttle-chang^ing  motion. 

840.  George    Clark    invented    chains    as    substitutes    for    tappets    in    warp 

shedding-. 

841.  Trough  and  roller  temples  invented. 

841.    Hooton   Deverill  applied  the  Jacquard  to  bars  at  the  side  of  the  lace 

loom. 
841.    Joseph  Wrag-g:,  London,   put  a  graduated  series  of  knobs  on  the  ends 

of  Jacquard  guide  bars  on  the  lace  loom. 
841.    Royal  Flax  Improvement  Society  founded  in  Ireland. 

843.  Revolving  shuttle  box  invented  by  Luke  Smith. 

844.  Donisthorpe  patented  his  combing  machine. 

845.  Drop  shuttle  box  applied  to  power  loom  by  Squire  Diggie. 

845.    Peter   Claussen,    of  Brussels,    revived  and    improved   Brunei's  circular 

knitter,   and  took  out  a  patent. 
845.    Ramie  first  introduced  to   British  manufacturers. 
845.    Velvet-pile  ornament  made  on  lace  by  machine. 

845.  Joseph  Topham  used  the  double  Jacquard  on  the  lace  loom  for  net  and 

figuring. 

846.  John  Livesey  invented  the  lace-curtain  machine. 

846.    William   Vickers   and    William   Clark   took   out   a   patent   of  machine- 
wrought  velvet  lace. 
846.    Barber  patented  the  flock  cutter. 

846.  Heilmann  patented  his  wool-combing  machine  in  Great  Britain. 

847.  M.  Townshend  invented  the  tumbler  needle  for  the  hosiery  frame. 

850.  John  Mercer  took  out  his  patent  for  the  process   now  known 

as  mercerizing. 

851.  Samuel  CunlifTe-Lister,  afterwards  Lord  Masham,  took  out  the 

first  of  many  patents  for  his  combing  machinery. 
851.    Thomas    Clegg,    of   Manchester,    instituted    an    African    cotton   export 

agency,   with  stations  in  West  Africa. 
851.    John  Livesey  invented  a  new  method  of  making  lace  with  cut-pile  face. 

854.  Shetland   shawls  woven   on   the   hosiery  frame   by  Thomas   Hill,   Not- 

tingham. 

855.  Hine,  Mundella,  &  Co.  patented  a  rotary  hosiery  narrowing  frame. 
855.    Messrs.  Helmsley  took  out  a  patent  for  the  manufacture  of  chenille. 
855.    Ball  &  Co.  produced  taffeta  on  the  circular  knitter. 

857.    Cotton  Supply  Association  formed. 

857.    Patrick  Macfarlane  invented  the  cop-ejector. 
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1857.    Wild  silks  of  India  utilized  by  Lister  &  Co.  and  made  into  spun 

silks  at  Manningham. 
1859.    Chain  shedding  motion  invented  by  Knowles. 

1861.  Edward  Topham,  Notting-ham,  invented  appliances  for  making  imita- 

tions of  pillow  lace. 
1862-4.    Cotton  Famine. 

1862.  Fine  woollen  shawls  made  on  hosiery  frames. 

1862.  Mr.  P.  R.  Conchoid  patented  improvement  on  making  of  chenille  lace. 

1863.  William   Cotton,   Loughborough,  patented  a  machine  able  to  fashion 

hose  automatically. 
1865.    Frederick     Rainford     Ensor,     Nottingham,     patented    a    machine    for 

making  Valenciennes  lace. 
1867.    Keighley  dobby  introduced  by  Hattersley  and  Smith. 
1867.    Convex  weaving  invented. 
1867.    Flax  Supply  Association  formed  in  Ireland. 
1869.    Hattersley  patented  skipping-shuttle  motion. 

1869.  Greenhalgh  invented  braiding  machine. 

1870.  M'Allister  patented  a  new  flock  cutter. 

1872.  William  and  Thomas  Nuttall  patented  a  chain  tappet  of  original  design. 

1876.  Ainley  Jacquard  patented. 

1878.  Imbs'  cotton  comber  introduced  into  Britain. 

1883.  Anti-ballooning  contrivance  put  on  the  bobbin  spinning  frames. 

1883.  Cross-border  Jacquard  patented  by  Davenport  and  Crossley. 

1888.  Burnley  dobby  patented  by  Lupton  and  Place. 

1894.  Northrop  loom  invented. 

1896.  J.  and  P.  Coats  formed  a  company  for  thread  manufacture. 

1902.  British  Cotton-Growing  Association  formed. 
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CHAPTER    I 
Raw    Materials 


Fibre  in  Fabric. — The  textile  industry  is  founded  upon  the  fact  that 
certain  animal  and  vegetable  fibres  cling  together,  and  can  be  drawn 
out  to  form  a  slender  and  continuous  thread.  From  beginning  to  end, 
in  the  spinning  of  the  roughest  rope  or  in  the  weaving  of  the  finest 
silk  cloth,  the  whole  process  of  textile  manufacture  consists  in  the  com- 
bination of  fibre  with  fibre. 

Suppose,  for  the  sake  of  illustration,  we  try  to  find  out  the  com- 
position of  a  piece  of  woollen  cloth.  Carefully  dissecting  the  cloth, 
we  obtain  two  sets  of  threads  which  have  been  crossed  with  each  other 
in  regular  order  so  as  to  constitute  a  fabric.  When  the  threads  have 
been  pulled  separate  the  cloth  no  longer  exists,  and  we  have,  instead, 
a  number  of  threads.  This  analysis  has  taken  us  but  a  little  way,  and 
to  penetrate  farther  we  turn  attention  to  the  threads.  Examined  closely, 
the  threads  show  that  they  have  been  twisted,  and  when  one  is  opened 
out  it  reveals  itself  as  composed  of  two  or  more  threads.  Still  pursuing 
the  analytic  method,  we  select  one  of  the  yarns  found  in  the  cloth 
threads  for  examination.  It  also  is  more  or  less  twisted,  and  by  un- 
doing the  twist  we  discover  that  the  yarn  is  composed  of  short  fibres 
held  together  by  a  natural  clinging  property  in  themselves,  aided  by 
the  twist  we  have  noted.  The  cloth  is  thus  proved  to  be  a  combination 
of  fibres. 

Natural  Textures. — A  fibre  is  commonly  understood  to  be  a  long, 
hair-like  object,  and  this  notion  serves  for  all  ordinary  purposes;  but 
the  user  of  fibres  requires  a  clearer  definition.  No  material  is  more 
common  in  the  world  than  fibre;  it  is  the  form  of  all  vegetable  and 
most  animal  substances.  Life  is  the  supreme  and  original  weaver. 
Flesh  is  fibre;  skin  is  fibre;  muscles  are  bundles  of  fibres;  leaves, 
flowers,  fruits,  stem  of  grass,  and  bark  and  wood  of  trees  are  all  fibres. 
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Students  of  science  were  wont  to  speak  of  fibrous  tissue  as  made 
up  of  fibres  and  a  connective  substance;  but  we  now  know  that  the 
connective  matter  is  merely  fibre  in  its  purest  form.  This  fact  is  of 
great  importance  to  all  who  handle  fibrous  materials,  and  specially  to 
the  textile  manufacturer,  affording  him,  as  it  does,  a  standard  of  fibre 
quality.  The  discovery  that  the  basis  of  fibre  is  the  connective  sub- 
stance in  fibrous  tissue  has  also  stimulated  the  production  of  artificial 
fibres. 

Textile  Quality  in  Fibres. — From  the  masses  of  fibrous  substances 
around  them,  the  textile  workers  of  all  lands  have  selected  those 
materials  which  seemed  to  them  most  suitable.  Though  unaided  by 
the  lamp  of  science,  which  now  beams  so  brightly  on  all  paths,  the 
primitive  pioneers  of  the  textile  industry  selected  fibres  with  marvel- 
lous insight.  The  principal  fibres  now  in  use — wool,  silk,  cotton, 
flax,  hemp,  and  jute — have  descended  to  us  from  prehistoric  antiquity. 
Derived  from  various  forms  of  animal  and  vegetable  life,  these  fibres 
possess  many  qualities  in  common ;  they  are  easily  preserved  from 
change  and  decay,  and  resist  atmospheric  influences  and  conditions. 
In  addition,  all  kinds  of  textile  fibres  possess,  in  varying  degrees, 
tensile  strength,  flexibility,  coherence,  uniformity  of  character,  and 
clinging  capacity. 

Classes  of  Fibres. — Textile  requirements  rule  many  fibres  out  of 
account;  but  there  yet  remain  a  large  number  of  suitable  fibres. 
These  divide  themselves  naturally  into  four  classes,  viz.  animal,  vege- 
table,  mineral,  and  artificial  fibres. 

Animal  Fibres. — The  animal  fibres  are  hair,  wool,  and  silk.  Physi- 
cally, hair  and  wool  belong  to  one  class;  but  the  differences  between 
them  are  all-important  to  the  textile  worker. 

Vegetable  Fibres. — Very  numerous  and  of  wide  range,  vegetable 
fibres  are  variously  classified  in  subdivisions  by  different  authorities. 
For  practical  purposes,  the  divisions  may  be  limited  to  three — {a)  seed- 
hair  or  plumose  fibres,  (b)  bast  fibres,   (c)  foliaceous  fibres. 

(a)  Plumose  fibres  are  found  in  the  seed  pods  of  a  small  number 
of  plants,  the  hair-like  filaments  acting  as  protecting  and  carrying 
agents  of  the  seeds  in  the  economy  of  nature.  The  genus  Gossypuwi, 
containing  the  plants  from  which  cotton  is  derived,  gives  to  this  class 
its  high  importance.  None  of  the  other  plumose  fibres  has  much 
textile  value. 

{b)  Bast  fibres  form  the  inner  bark  of  numerous  plants.  It  is  in 
this  class  that  the  largest  additions  to  fibre  wealth  w^ere  made  during 
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last  century.  Flax,  common  hemp,  jute,  and  ramie  are  the  most 
important  of  the  bast  fibres. 

(c)  Foliaceoiis  fibres  are  found  embedded  in  the  stems,  roots,  and 
leaves  of  many  tropical  and  sub-tropical  plants.  New  Zealand  flax, 
Manila  hemp,  sisal  hemp,  and  many  varieties  of  rope  and  cordage 
fibres  are  derived  from  this  class. 

Mineral  Fibres. — The  various  kinds  of  asbestos  fibres  are  the  sole 
representatives  of  this  class.  Asbestos  is  a  non-inflammable  mineral 
of  fibrous  structure,  allied  to  hornblende,  and  generally  found  in  close 
association  with  serpentine  rock.  It  consists  chiefly  of  silica,  mag- 
nesia, lime,  and  oxide  of  iron.  The  textile  variety  is  known  as 
amianthus,  the  best  qualities  of  which  are  found  in  Savoy.  Good 
amianthus  asbestos  is  also  mined  in  Corsica,  Canada,  and  in  various 
parts  of  the  British  Isles.  The  fibre  is  tough,  flexible,  and  long,  suit- 
able for  making  brattice  cloths  and  mixing  in  with  wool  for  building 
and  roofing  felts. 

Artificial  Fibres. — The  principal  artificial  fibres  are  those  made 
from  gelatine,  cellulose,  glass,  and  various  metals.  Gelatine  is  the 
substance  of  what  is  called  "  Vanduara  silk".  Imitation  silks  are 
manufactured  by  various  chemical  processes  from  cellulose.  The 
artificial  silk  fibres  compare  very  well  with  the  lower  grades  of  natural 
silks.  A  cellulose  fibre,  made  from  waste  paper,  is  offered  on  the 
market  for  twine  and  rope  manufacture. 

Glass  fibres  were  formerly  rejected  on  account  of  extreme  friability, 
but  several  processes  of  toughening  have  been  devised,  and  spun  glass 
is  at  the  present  time  a  material  of  some  value  to  the  manufacturer 
of  fancy  fabrics. 

Gold,  silver,  and  copper  wires,  drawn  to  imperceptible  fineness, 
are  employed  to  a  considerable  extent  in  fabrics,  the  precious  metals 
being  required  for  costly  brocades  used  as  hangings  and  other  uphol- 
steries. The  metal  fibres,  however,  can  hardly  be  said  to  enter  largely 
into  textile  manufacture. 

Simple  Fibre  Tests. — In  the  raw  state,  vegetable  and  animal  fibres 
are  easily  distinguished;  but  it  frequently  happens  that,  in  the  course 
of  manufacture,  the  fibres  are  mixed,  and  so  closely  as  to  render 
detection  a  matter  of  some  difficulty.  A  flame  rapidly  passed  over 
the  mixed  fibres  will  burn  up  the  vegetable  fibres,  whilst  the  animal 
fibres  merely  shrivel  up  in  a  charred  mass.  Still  more  efficient  is 
the  method  adopted  to  produce  the  waste  woollen  product  known  as 
*'  extract".     When  laid  in  a  lead-lined  vessel  filled  with  weak  sulphuric 
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acid  the  cotton  in  the  mixed  fibre  is  destroyed.  On  the  other  hand, 
to  select  the  vegetable  and  destroy  the  animal  fibres  we  boil  the 
material  in  a  solution  of  caustic  alkali;  the  animal  fibres  dissolve, 
with  the  evolution  of  ammonia,   leaving  the  vegetable  fibre. 

Chemical  Analysis  of  Vegetable  Fibres. — Cellulose  is  the  prime 
constituent  of  vegetable  fibre;  in  such  proportion  as  the  cellulose  has 
become  lignified  or  mixed  with  earthy  matters  the  textile  value  of  the 
fibre  is  lessened.  One  of  the  best  solvents  of  cellulose  is  an  ammoniacal 
solution  of  oxide  of  copper.  Selecting,  for  example,  a  fibre  of  cotton, 
and  applying  the  chemical,  we  find  it  slowly  dissolving,  leaving  a 
mere  film,  with  striations  of  what  has  been  the  cell  walls.  The  purer 
and  finer  the  cotton,  the  smaller  the  residue.  All  other  vegetable  fibres 
are  subject  to  the  same  test. 

Microscopic  Methods. — The  structure  of  a  fibre  largely  determines 
its  textile  value.  Practical  experience  has  shown  that  one  fibre  or 
another  can  be  spun  under  certain  conditions  and  produce  a  given 
quality  of  yarn;  but  the  causes  of  this  spinning  capacity  remained  for 
a  long  period  utterly  unknown.  Consequently  chance  and  adventure 
have  played  a  considerable  part  in  the  fortunes  of  many  textile  manu- 
facturers. This  ought  not  to  be.  With  the  instruments  invention  has 
placed  at  our  disposal  we  can  obtain  scientific  certainty  in  place  of 
experimental  guessing.  With  the  microscope,  for  example,  we  can 
discover  the  structure  of  even  the  minutest  fibres.  Microscopic 
workers  have  found  out  the  qualities  in  wool,  silk,  cotton,  flax,  hemp, 
and  many  other  fibres,  by  which  they  have  become  useful  to  the 
world. 

In  preparing  to  study  fibres  under  the  microscope,  the  investigator 
divides  his  fibres  into  three  lots — the  first  for  study  in  the  natural  state, 
the  second  for  longitudinal  section,  and  the  third  for  transverse  section. 
Each  of  these  lots  may  again  be  divided  into  two  lots,  the  one  to  be 
viewed  under  the  process  of  chemical  decomposition,  and  the  other 
under  coloration. 

Microscopic  investigation,  to  be  of  scientific  value,  must  be  con- 
ducted by  skilled  operators;  but  any  careful  student  may  readily  learn 
facts  of  practical  use  by  viewing  the  fibres  under  the  microscope. 

Examining  the  Fibre. — Taking  the  first  set  of  fibres,  we  lay  them 
on  a  thin  glass  plate  in  a  solution  of  chloride  of  calcium  or  strong 
glycerine.  Another  thin  plate  of  glass  is  put  on  top,  and  then  the 
microscope  is  brought  to  bear  on  the  object.  By  careful  scrutiny  we 
learn    the    natural    character    of    the    fibre,    whether    transparent    or 
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opaque,  flat  or  round,  striated  or  smooth,  hollow  or  solid,  continued 
or  broken. 

Longitudinal  Sections. — Many  fibres  are  so  very  slender  that  it  is 
practically  impossible  for  the  amateur  to  cut  them  into  longitudinal 
sections  with  any  degree  of  accuracy.  This  method  is  so  useful,  how- 
ever, that  it  should  not  be  given  up  without  an  attempt.  Many  good 
and  useful  microtomes,  or  cutters,  are  sold  by  the  makers  of  mathema- 
tical instruments,  but  a  razor  blade  ground  on  one  side  may  be  used 
successfully  if  the  operator  has  a  steady  hand.  Saturating  the  fibre 
in  a  solution  of  gum  arable,  or  other  clear,  glutinous  liquid,  we  fix  it 
on  the  cutting  plate,  and  leave  it  to  dry.  When  sufficiently  hardened, 
the  fibre  is  cut  in  half  from  top  to  bottom.  Examination  of  the  sections 
discloses  the  manner  in  which  the  fibre  attains  length,  the  direction  of 
striation,  the  character  of  inner  and  outer  layers,  and  the  solidity  or 
otherwise  of  the  fibre. 

Transverse  Sections. — Transverse  sections  of  fibres  are  compara- 
tively easy  to  obtain.  Straightening  out  a  small  bunch  of  the  fibres 
to  be  examined,  and  laying  them  evenly  together,  we  first  cut  off  a 
workable  piece,  say  about  an  inch,  and  bind  the  little  bundle  with  a 
thread  in  the  middle.  Dip  both  ends  in  glue,  and  press  together 
tightly  to  express  the  surplus  glue  and  make  the  fibres  stick  evenly 
together.  When  dry,  slice  off  a  clean  section  from  one  end;  dissolve 
the  glue  in  water;  dry  with  blotting-paper;  then  separate  the  indivi- 
dual fibres.  Place  a  single  section  under  the  microscope,  in  glycerine 
or  other  suitable  neutral  liquid.  This  reveals  the  layers  of  the  fibres, 
the  grain,  and  the  system  of  growth. 

Special  Microscopic  Research  into  the  Qualities  of  Textile  Fibres. — 
Very  serious  differences  have  occurred  between  the  conclusions  obtained 
by  the  above  method  of  microscopic  investigation  and  the  results  of 
practical  experience.  Specially  is  this  the  case  with  wools.  It  is  clear 
that  a  delicate  fibre  steeped  in  strong  glycerine  and  pressed  between 
two  pieces  of  glass  must  appear  quite  different  from  the  same  fibre 
when  dry,  natural,  and  free.  Thinking  that  perhaps  the  difference 
in  the  conditions  might  explain  the  admitted  discrepancies,  the  writer 
undertook  microscopic  study  and  microphotography  of  typical  textile 
fibres  under  natural  conditions.  That  the  tests  might  be  as  decisive 
as  possible,  fibres  were  procured  from  manufacturers  and  growers 
from  stocks  most  commonly  used  in  spinning. 

The  facts  disclosed   are  sufficiently  remarkable  in   every  instance, 

but   in   the  cases   of   wools   and  silks  they  are  almost   revolutionary. 
Vol.  I.  5 
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Were  it  not  that  our  conclusions  bring  scientific  theory  into  hne  with 
the  opinions  of  practical  workers,  including  the  house-mother  at  the 
wash-tub  as  well  as  the  spinner  and  sorter,  we  should  have  hesitated 
to  publish  them. 

The  fibres  have  been  magnified  162  diameters;  the  scale  by  which 
they  are  measured  is  divided  up  into  thousandths  of  an  inch. 

Wool  Fibres. — The  wools  examined  are:  i.  New  Zealand  cross- 
bred wool ;  2,  Kent  Iamb  wool ;  3,  fine  Kent  lamb  wool ;  4,  cross-bred 
home  wool;  5,  blackface  wool;  6,  fine  cross-bred  home  wool;  7,  China 
wool;  8,  New  Zealand  yearling  wool;  9,  Port  Philip  cross-bred  lamb 
wool;  ID,  South  American  wool  (known  as  B.A.  Super);  11,  Cape 
merino  wool;    12,  fine  Cape  wool. 

General  Characteristics  of  Wools. — Ignoring  for  the  moment  the 
relative  thicknesses  of  the  fibres,  we  note  that  the  wools  are  all  covered 
with  scales  more  or  less  minute  and  generally  of  irregular  shape.  We 
have  been  taught  that  the  scales  are  regular  growths  springing  from 
the  skin  like  a  series  of  ringed  flanges,  the  outer  edges  of  which  form 
serrations  on  the  surface  of  the  fibre.  Nothing  of  the  kind  appears. 
The  scales  are  broken,  irregular  in  form,  and  lie  flat  on  the  surface 
of  each  fibre;  in  many  cases,  instead  of  protruding,  the  edges  of  the 
scales  actually  curve  downwards  from  the  centre.  As  might  be 
expected,  apart  from  preconceived  theory,  the  scales  differ  in  size 
in  almost  exact  ratio  to  the  thickness  of  the  fibres;  but  the  thicknesses 
of  the  scales  vary  in  quite  a  notable  manner.  In  two  of  the  photo- 
graphs, the  Kent  lamb  and  the  fine  Kent  lamb,  we  have  been  able 
to  show  the  yolk,  which  exhibits  the  size  of  the  inner  tube  of  the 
wool.     All  the  fibres  are  round. 

The  importance  of  the  points  noted  will  be  brought  out  in  the 
sequel.     Meanwhile,   let  us  pursue  the  enquiry. 

Physiology  of  Wool. — It  is  too  readily  forgotten  by  users  of  fibres 
that  nature  never  intended  them  for  textile  manufacture.  The  structure 
of  wool,  for  instance,  is  formed  for  purposes  vital  to  the  sheep,  without 
reference  to  spinning  or  weaving  or  felting.  Like  all  hairs,  wool  is 
a  continuation  of  the  epidermis  developed  for  the  protection  of  the 
skin  of  the  animal.  A  bulbous  tube,  with  roots  in  the  skin,  the  wool 
fibre  is  composed  of  three  layers — the  soft  inner  tube,  the  outer  skin, 
and  the  scales.  The  inner  tube  is  living,  nourished  by  the  life  of  the 
sheep,  and  grows;  the  outer  tube  is  less  highly  organized,  but  possesses 
a  degree  of  vitality,  and  receives  additions  of  growth  organically;  the 
scales  are  nucleated  excrescences  of  the  outer  skin,  hard,  and  almost 
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devoid  of  vital  growth.     As  the  tube  enclosed  grows  in  thickness  the 
scales  break  apart,  and  receive  accretions  from  the  inside. 

Close  examination  of  any  one  of  those  fibres  bears  out  the  facts  of 
physiology.  On  the  smaller  fibres  the  scales  approach  the  circular 
form;  on  the  larger  fibres  breaks  and  patches  are  visible;  and  on  the 
China  wool  the  scales  form  merely  an  irregular  crust. 

1.  Neiv  Zealand  cross-bred  ivool. — Coming  now  to  particulars,  let 
us  examine  each  fibre  or  set  of  fibres.  No.  i  is  a  beautiful  wool,  clear 
almost  to  transparency,  with  the  scales  lying  like  rounds  of  slender 
threads  upon  the  surface  of  the  skin  of  the  wool,  with  slight  breaks  here 
and  there.  Though  imbricated  delicately,  and  therefore  flexible,  the 
scales  closely  partake  of  the  nature  of  a  true  skin,  giving  the  fibre 
consistency  and  strength. 

2.  Kent  lamb  ivool. — Because  of  the  lustre  and  the  presence  of  yolk 
in  the  inner  tube,  the  Kent  lamb  wool  shows  dark  in  the  photograph. 
But  the  scales  are  beautifully  marked,  and  the  relative  size  of  the  tube 
to  the  body  of  the  fibre  appears. 

3.  Fine  Kent  lamb  ivool. — This  specimen  is  useful  as  showing  the 
method  of  gfrowth  of  the  fibre.  In  the  fine  Kent  lamb  wool  the  tube 
is  larger  in  proportion  than  it  is  in  the  above.  The  scales  are  soft, 
convoluted,  and  sharply  defined,  standing  clearly  separated  from  each 
other,  imparting  to  the  fibre  its  known  flexibility  and  high  spinning 
quality. 

4.  Cross-bred  home  ivool. — Though  generally  accepted  as  a  good 
felting  wool,  the  supposed  character  of  which  is  prominence  of  the 
edges  of  the  scales,  this  wool  shows  the  scales  clinging  closely  to  the 
surface  of  the  enclosed  tube.  The  scales  are  very  irregular  and  patchy, 
yet  the  fibre  is  even  and  true,  showing  a  fine  textile  quality. 

5.  Blackface  wool. — We  know  by  experience  that  blackface  wool  is 
one  of  the  hardest  of  home-grown  wools,  and  the  photograph  bears  out 
the  fact.  The  scales  define  themselves  in  clear,  hard  lines,  shining 
with  an  almost  horny  lustre.  The  fibres  vary  greatly  in  thickness,  and 
therefore  fail  to  spin  as  finely  as  wools  of  less  value  in  other  respects. 

6.  Fine  cross-bred  home  wool. — Approaching  closely  the  highest 
class  of  wools,  the  fine  cross-bred  home  wool  reveals  its  good  qualities 
under  our  scrutiny.  The  scales  grow  up  in  various  shapes,  but  lie 
compacted  together  in  even  lines,  the  variety  of  shape  helping  to  give 
its  wavy  character  to  the  wool. 

7.  China  wool. — A  large,  heavy  fibre,  China  wool  is  covered  with 
encrusted  scales.     But  the  wool  is  regular  and  clean,  with  a  good  body. 
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8.  New  Zealand yearlmg  -wool. — In  spite  of  the  fact  that  it  is  only 
yearling,  the  specimen  here  shown  indicates  the  progress  which  New 
Zealand  breeders  have  made,  when  it  is  contrasted  with  No.  i.  It  is 
a  sound,  useful  wool  with  scales  of  a  round  shape  and  clearly  marked. 
The  full-grown  common  wool  of  New  Zealand  has  the  same  character. 

9.  Port  Philip  cross-bred  lamb  wool. — A  glance  at  the  photograph 
of  the  wool  named  enables  one  to  understand  why  Botany  wools  hold 
so  high  a  place  among  wools.  Regular  in  form  and  size,  delicate  in 
scales,  closely  bound,  this  wool  exhibits  all  the  best  qualities  of  a 
textile  fibre  in  a  very  marked  degree.  Contrary  to  a  popular  notion, 
Port  Philip  wool  is  not  the  slenderest  of  wool  fibres.  Wools  much 
inferior  in  every  textile  quality  are  much  finer  in  the  hair.  Uniformity 
in  length  and  thickness  is  much  more  important  from  the  spinner's 
point  of  view,  and  the  Botany  wools  excellently  answer  to  the  need. 

10.  South  American  wool. — As  may  be  noted  from  the  photograph, 
the  South  American  wool  (known  as  B.A.  Super)  is  of  very  fine  hair. 
The  scales  are  round,  but  irregular  in  size,  and  frequently  show  marks 
of  expansion,  notwithstanding  the  smallness  of  the  fibre. 

11.  Cape  vierino  wool. — The  merino  wool  of  Cape  Colony  is  the 
most  extraordinary  of  all  our  fibres.  Very  fine,  covered  with  scales 
of  all  shapes,  and  almost  approaching  the  ideal  of  those  authorities 
who  claim  that  the  serrations  of  the  scales  on  wools  give  felting  quality, 
it  is  yet  notoriously  unsuited  for  felting  purposes.  The  scales  lie  close 
together,  and  show  a  rough  and  irregular  surface.  Knots  and  ex- 
crescences appear  on  almost  every  fibre.  These  facts  are  explained 
by  the  climate  of  the  colony,  which  is  dry.  The  wool  scales  form 
rapidly  in  the  dry  atmosphere,  and  they  harden  as  quickly,  affording 
the  needed  protection  to  the  delicate  skin  underneath. 

12.  Fine  Cape  wool. — Because  native  to  the  country,  this  wool 
exhibits  fewer  of  the  defects  we  have  seen  on  the  merino  wool.  It 
is  clear,  clean,  and  regular,  with  scales  closely  set. 

Microscopic  Examination  of  Selected  Cottons. — Students  of  the 
vegetable  fibres  have  made  fewer  errors  than  investigators  of  the 
animal  fibres.  According  to  accepted  theory,  the  cotton  fibre  is  a 
collapsed  tube,  which  forms  into  a  ribbon  with  flanged  sides,  and  tends 
to  turn  upon  itself  in  spirals.  This  theory  fails  to  explain  the  thicken- 
ing of  the  flanges,  excepting  upon  the  assumption  that  the  collapse 
is  gradual,  and  from  the  sides  to  the  centre.  On  the  whole,  however, 
the  closest  examination  of  cotton  fibres  fairly  bears  out  the  main  con- 
clusions of  the  theory. 
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1.  Sea-island  cotton. — Excepting  the  filaments  of  silk,  the  fibres  of 
Sea-island  cotton  are  the  finest  textile  fibres.  Most  authorities  give 
the  mean  diameter  as  yoVir*  but  our  photograph  brings  it  nearer 
■tf o^t) 0  in.  Regular  in  size  and  form,  clear,  lustrous,  and  soft,  these 
fibres  worthily  hold  the  highest  place  among  cottons. 

2.  Orleans  cotton. — The  spiral  twist  of  the  Orleans  cotton,  its 
regularity  and  pure  colour,  have  made  it  one  of  the  most  popular  of 
American  cottons.  Here  are  all  the  typical  features  of  the  fibre — the 
flat  ribbon,  the  flanged  edges,  the  spiral  tendency,  and  the  pure 
body. 

3.  Texas  cotton. — The  cotton  of  Texas  lacks  slightly  in  lustre  and 
regularity.  We  note  a  difference  between  the  largest  and  the  smallest 
of  the  fibres  which,  though  very  small  in  measure,  is  of  importance 
relatively,  and  affects  the  spinning  quality  of  the  fibre. 

4.  Mexican  cotton. — The  thin,  wiry  nature  of  the  Mexican  cotton 
clearly  appears  in  the  photograph. 

5.  Memphis  cotton. — Grown  in  the  Mississippi  valley,  this  fibre  is 
broad  and  thick,  but  of  good  cotton  character;  it  seems  rather  soft,  but 
spins  into  very  hard  yarns. 

6.  Carolina  cotton. — The  kinship  of  the  cotton  of  Carolina  with 
Sea-island  cotton  is  clearly  indicated  in  this  specimen.  But  its  lack 
of  definite  quality  is  also  equally  evident. 

7.  Smooth  Peruvian. — In  essential  points  little  difference  can  be 
observed  between  the  smooth  Peruvian  cotton  and  the  Orleans  kind. 
It  looks  a  little  harder  and  smoother,   but  the  two  mix  very  well. 

8.  Rough  Peruvian  cotton. — Variable  in  size,  and  presenting  in  the 
larger  fibres  almost  a  woolly  appearance,  but  rather  harsh,  this  pro- 
duct of  the  cotton  tree  has  merits  of  its  own.  Observe  how  beautifully 
convoluted  some  of  the  fibres  are. 

g.  Brazilian  cotton. — A  hard  cotton,  though  very  regular;  the 
striations  of  the  fibres  are  very  clearly  marked. 

10.  Smyrna  cotton. — At  one  time  English  spinners  were  almost 
wholly  dependent  on  Smyrna  cotton.  By  comparing  its  irregularity, 
roughness,  and  unreliability  with  the  high  qualities  of  the  Orleans 
and  Texas  cottons,  we  realize  the  disadvantages  under  which  our 
fathers  laboured. 

11.  West  Africa  cotton. — Large  in  diameter,  rough,  and  rather 
irregular,  the  cotton  of  West  Africa  closely  resembles  wool  in  many 
respects.  Some  of  the  fibres  are  flat  and  spiral,  but  others  are  round 
and  hard,  with  a  woolly  surface. 
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12.  China  cotton. — Though  of  a  good  white  colour,  China  cotton 
is  distinctly  fibrous,  as  may  be  seen  on  the  photograph. 

13.  Syrian  cotton. — This  cotton  is  interesting  as  showing  another 
variety  of  the  Smyrna  cotton.  It  is  more  regular  in  character;  the 
roughness  and  fibrous  nature  are  there. 

14.  Egyptian  cotton. — All  Egyptian  cottons  are  strong,  and  have 
a  high  textile  value.  Excepting  "  Abassi ",  the  cottons  grown  in 
Egypt  tend  to  brown  in  colour.  The  specimen  is  a  white  cotton,  of 
fine  quality,  though  evidently  hard. 

15.  Rangoon  cotton. — A  very  typical  example  of  Rangoon  cotton 
is  here  shown.  Some  of  the  fibres  change  from  round  to  flat  in  the 
space  of  \  in.  ;    others  are  thin  and  wiry.      The  surface  is  very  dull. 

16.  Broach  cotton. — One  of  the  best  of  the  Indian  cottons.  Broach 
cotton  makes  a  good  weft.  It  is  fine  in  texture,  spirally  inclined,  and 
of  good  colour. 

17.  Scinde  cotton. — At  a  glance  the  cotton  spinner  can  place  this 
fibre.  It  is  typically  Indian — rough,  harsh,  and  intractable,  though 
evidently  possessing  strength. 

18.  Tinnevelly  cotton. — The  cotton  of  Tinnevelly  is  the  most  valuable 
of  Indian  native  fibres.  Though  showing  hardness,  it  is  very  regular, 
fine,  and  of  good  colour. 

19.  Fine  Broach  cotton. — Ranking  next  to  Tinnevelly  in  the  esteem 
of  spinners,  fine  Broach  cotton  is  a  reliable  fibre,  but  too  dense  in 
structure  and  harsh  in  texture  to  rank  as  a  high-class  cotton. 

Silks  under  the  Microscope. — The  specimens  of  silks  selected  are 
what  manufacturers  term  raw  silks;  but  they  have  been  previously 
reeled  from  the  cocoons.  From  the  naturalist's  standpoint  the  fibres 
are  not  quite  "raw",  and  if  our  object  had  been  study  of  silk  physi- 
ology simply,  we  should  have  taken  cocoons.  But  our  main  purpose 
is  study  for  textile  ends,  and  we  have  thought  it  right  to  examine 
the  silks  as  the  spinner  handles  them.  The  essential  structure  of 
the  raw  fibres  is  abundantly  evident,  while  the  form  in  which  the 
manufacturer  receives  them  is  shown. 

Viewing  the  silks  as  a  group,  we  note  several  features  common 
to  them  all.  A  soft  lustre,  as  of  a  delicate  living  tissue,  shines  from 
each  one;  the  filaments  are  straight,  except  where  bent  in  the  course 
of  combination  with  each  other  to  form  a  thread;  the  filaments  are 
double,  with  a  distinct  line  of  space  between  them;  the  main  body  of 
each  thread  is  composed  of  these  filaments  laid  beside  each  other. 

I.  Bengal  silk. — The  silk  of  Bengal  is  clearly  shown  to  be  a  very 
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regular,  straight,  and  strong  fibre.  Four  or  five  filaments  lie  closely 
together,  almost  standing  out  individually,  and  yet  composing  a 
compact  thread.  This  is  one  of  the  wonders  of  silk,  and  the  quality 
which  makes  it  the  ideal  textile  fibre.  It  will  be  observed  that  the 
slender  filaments  are  themselves  merely  laid  together  in  pairs,  forming 
a  single  unit,  practically  indissoluble. 

2.  China  silk. — Even  finer  in  filament,  but  softer,  the  China  silk 
shows  the  same  features  as  the  Bengal  silk. 

3.  Italian  silk. — Larger  in  filament  than  the  China  silk,  but  show- 
ing a  similar  softness  and  lustre,  the  Italian  silk  is  one  of  the  most 
useful  of  silks  for  cloth  manufacture. 

4.  Japanese  silk. — The  fibre  most  conspicuous  in  the  illustration 
gives  a  clear  view  of  the  character  of  Japanese  silk.  Lustrous,  and 
of  fine  texture,  it  is  deficient  in  unity,  the  filaments  being  loose  in 
substance  and  combination. 

5.  Kash77iir  silk. — Though  of  lustrous  appearance  and  good  sub- 
stance, the  Kashmir,  or  Cashmere,  silk  exhibits  in  an  even  greater 
degree  than  the  silk  of  Japan  the  faults  of  lack  of  cohesion  and 
evenness. 

6.  Persian  silk. — The  evident  looseness  of  the  specimen  of  Persian 
silk  may  be  in  some  measure  due  to  faulty  reeling;  but  the  thickness 
and  looseness  of  the  filaments  greatly  contribute  to  the  defect. 

7.  Tusseh  silk. — The  form  of  the  silk  variously  named  Tusseh, 
Tussar,  Tusser,  Tussah,  Tussore,  and  Tussa,  differs  from  the  form  of 
all  others.  It  is  the  wild  silk  found  in  many  tropical  countries.  The 
double  filaments  are  flat,  like  ribbons,  and  lie  closely  together.  Because 
of  the  flat  form  tusseh  silk  does  not  reel  easily,  and  it  is  therefore  more 
frequently  broken  up  and  spun.  Tusseh  is  the  strongest  of  all  silks 
when  reeled,  though  in  its  spun  form  it  partakes  of  the  nature  of  all 
spun  threads. 

Microscopic  Study  of  Flax. — It  is  a  curious  fact,  and  worthy  of 
remark,  that  the  traditional  descriptions  of  the  constitution  of  flax 
fibres,  handed  down  from  remote  antiquity,  are  borne  out  by  the 
closest  scrutiny  of  the  microscope.  We  frankly  confess  that  we  have 
nothing  to  add  to  the  information  already  in  possession  of  the  trade. 
Our  microscopic  study,  therefore,  is  confined  to  the  observation  of 
typical  fibres. 

I.  Courtrai.  —  By  common  consent,  Courtrai  flax  holds  the  first 
place  among  flax  fibres.  Necessarily  varying  to  a  considerable  degree 
in  thickness,  the  average  diameter  of  these  fibres  does  not  exceed  the 
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diameter  of  a  fine  cotton.  But  the  nodes  in  the  substance  of  the  fine 
fibres,  which  limit  its  spinning  capacity  of  flax,  are  clearly  marked. 
Clearness,   lustre,  and  fine  regularity  are  qualities  strongly  shown. 

2.  Dutch  flax. — Longer  in  filament,  and  otherwise  almost  equal 
to  Courtrai,  the  Dutch  flax  is  a  beautiful  fibre,  finely  regular,  lustrous, 
and  of  good  colour. 

3.  Irish  flax. — The  flax  grown  in  Ireland  has  been  greatly  improved 
during  recent  years.  As  shown  in  our  specimen,  it  still  lacks  some- 
thinsr  of  the  fineness  of  the  best  Dutch  and  Courtrai  fibres.  The 
fibres  are  thicker  and  the  filaments  shorter,  but  the  flax  shows  very 
useful  qualities. 

4.  Russian  flax. — Russia  sends  out  large  supplies  of  flax,  but  the 
quality  of  the  fibre  is  inferior.  From  the  favourable  fibre  shown,  it 
will  be  observed  how  unequal  the  fibres  are  in  thickness  and  texture. 
The  nodes  are  sharp  and  hard,  seeming  to  stand  out  from  the  body 
of  the  fibre.  Fine  spinning  is  practically  impossible  with  such  a 
material,  though  a  good  strong  yarn  can  be  produced. 

Ramie  under  the  Microscope. — Superficially,  the  fibre  variously 
named  ramie,  rhea,  and  china  grass,  appears  to  be  an  ideal  spinning 
material.  Pure,  white,  lustrous,  of  great  strength  and  length  of  fila- 
ment, the  marvel  amongst  those  who  saw  it  for  the  first  time  in  1845 
was,  why  it  should  not  have  gained  almost  a  first  place  in  the  range 
of  textile  fibres.  A  glance  at  the  microphotograph  prepared  from 
specially  selected  fibres  will  show  any  spinner  the  reasons  why  ramie 
has  not  become  a  favourite  spinning  material.  Irregular  in  size  and 
thickness,  cracked  and  frayed,  broken  up  by  large  nodes,  and  very 
hard,  ramie  contrasts  unfavourably  with  even  Russian  flax.  Con- 
sidering its  other  high  qualities  and  its  cheapness,  ramie  ought  to 
win  a  place  but  slightly  inferior  to  flax,  and  serve  for  the  production 
of  strong  yarns  and  cloths,   fine  twines,  and  ropes. 

Microscopic  Study  of  Jute. — Another  of  the  fibres  which  has  dis- 
appointed hopes  built  upon  it  is  jute.  We  have  selected  three  typical 
examples  of  the  fibre. 

1.  Serajunge. — This  is  a  very  fine  fibre,  composed  of  clear,  straight 
filaments  of  a  good  length.  If  jute  could  always  be  grown  of  that 
quality,  its  usefulness  would  be  greatly  increased. 

2.  Desi. — In  the  Desi  specimen  we  can  see  clearly  one  of  the  chief 
obstacles  to  fine  spinning.  At  short  intervals  the  filaments  are  broken 
by  little  nodes. 

3.  Karimgunge. — Similar    in    character    to    the   above,    but   rather 
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coarser,  the  jute  of  Karimgunge  shows  the  woody  and  brittle  nature 
of  the  jute  fibre. 

Hemp  Fibres  Microscopically  Studied. — The  hemps  selected  are: 
I,  Russian;  2,  green  Italian;  3,  Manilla;  4,  New  Zealand;  5,  Sisal. 

Close  examination  of  these  fibres  is  hardly  necessary.  The  only 
one  which  repays  microscopic  examination  is  the  New  Zealand  fibre, 
which  is  frequently  classed  as  a  flax.  In  general  appearance  it 
resembles  a  very  large  flax  of  high  quality.  It  seems  to  have  higher 
spinning  qualities  than  the  true  hemps. 

Relative  Spinning  Values. — We  have  purposely  left  over  minute 
details  of  structure  and  chemical  character,  and  brought  out  only  the 
broadest  and  most  general  facts.  Wool  has  a  generic  character,  and 
there  are  many  wools ;  cotton  is  a  vegetable  fibre,  but  so  also  is  flax, 
though  the  differences  between  them  are  great;  all  silks  are  similar  in 
general  structure,  but  different  varieties  vary  widely  in  many  respects. 
What  may  be  true  of  one  member  of  a  given  class  of  fibres  might  be 
altogether  false  if  applied  to  another.  In  textile  value  these  fibres 
are  generally  classed  in  the  following  order:  Silk,  wool,  cotton,  flax, 
ramie,  hemp,  jute.  Some  authorities  would  place  cotton  before  wool, 
and  others  claim  for  ramie  the  position  next  to  silk;  but  the  weight  of 
practical  experience  favours  the  order  we  have  named. 

Tensile  Testing. — Though  tensile  strength  in  a  fibre  is  not  of  the 
highest  importance,  the  quality  must  always  be  considered  in  esti- 
mating the  values  of  textile  fibres.  Before  testing  machines  were  put 
into  our  hands  by  ingenious  inventors  it  was  usual  to  test  by  mere 
weight  on  a  simple  balance.  Now,  however,  there  are  many  tensile- 
testing  machines  easily  procured,  and  quite  reliable.  The  breaking 
strengths  of  hair,  wools,  and  cotton  are  thus  compared: — 


Tensile  Strengths  of  Fibres  at  Equal  Diameters 

Grams. 

Hair       

Lincoln  wool    ... 
Leicester  wool 
Southdown  wool 
Australian  merino 
Saxony  merino 

Mohair 

Alpaca  ... 
Cotton,  Eg-yptian 


96.4 

II9.9 

62.3 

122.8 

224.6 

136.2 

358.5 

201.8 

Vol.  I. 
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CHAPTER    II 
Wool  and   Hair 

Nature  of  Wool  and  Hair. — On  the  skins  of  most  animals  we  find  a 
covering  which  is  named  hair.  A  hair  is  a  thin,  horny  tube,  protruding 
from  the  skin,  and  nourished  by  the  vital  processes  of  the  animal.  From 
the  blood  vessels  which  feed  it  the  skin  secretes  a  fibrinous  matter  in 
the  shape  of  glands.  Having  vitality,  the  matter  grows,  forming  first 
into  granules,  and  then  into  spindle-shaped  cells,  which  naturally  group 


(a)  (6) 

Fig.  3. — Microscopic  Appearance  of  Scales  of  Hair  {a)  and  Wool  {6) 

in  tubular  form.  Pushed  through  the  outer  skin,  the  cells  lose  their 
moisture  and  collapse  into  thin  fibres,  which,  in  combination,  form 
scales  on  the  tube.  Within  those  scales  the  tube  continues  to  grow, 
being  converted  into  the  form  of  scales  as  it  protrudes  into  contact 
with  the  atmosphere.  All  kinds  of  hair  are  therefore  composed  of 
three  layers:  i,  the  cellular  inner  tube;  2,  the  outer  tube  of  fibrous 
tissue;  3,  the  outer  horny  scales.  Not  only  wool,  but  every  kind  of 
protective  skin  covering,  including  even  the  spines  of  the  porcupine, 
may  be  said  to  develop  in  the  manner  described. 

Differences  between  Hair  and  Wool. — Differences  in  the  constitu- 
tion of  the  blood  and  conditions  of  life  must  produce  variation  in  the 
hair,  and  this  is  specially  evident  in  the  scaly  formation.  Viewed 
through  the  microscope,  a  human  hair  appears  clad  with  a  series  of 
scales  barely  separated  from  each  other  and  continuing  on  the  same 
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WOOL   FIBRES.— I 

I,  New  Zealand  Cross-bred.         2,  Kent  Lamb.         3,  Fine  Kent  Lamb. 
4,  Cross-bred  Home.         5,  Blackface.         6,  Fine  Cross-bred  Home. 


(Xiio.     See  Scale  on  plate,  p.   106) 
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plane,  with  a  faint  imbrication  at  the  edge  of  each  scale.  When  studied 
whole,  the  hair  looks  like  a  smooth  tube;  but  if  we  view  it  in  vertical 
section  we  can  see  small  spaces  between  the  edges  of  the  scales. 
Taking  up  a  hair  of  wool,  we  find  that  the  scales  are  much  more 
definite,  and  rougher  on  the  surface,  as  well  as  less  regularly  joined. 

Felting  Quality  in  Wools. — Of  great  importance  in  itself,  and  of 
even  greater  importance  because  closely  associated  with  spinning 
values,  is  the  felting  quality  of  wool.  A  true  hair  does  not  felt.  It 
would  seem,  therefore,  that  if  we  can  find  the  points  of  difference 
between  hair  and  wool,  we  shall  discover  the  qualities  which  enable 
us  to  felt  with  wool.  After  careful  investigation  we  find  that  wool 
is  more  hygroscopic  than  hair,  that  it  is  more  open  in  structure,  more 
sensitive  to  changes  in  temperature,  and  that  the  outer  scaly  coating 
of  wool  is  rougher,  softer,  and  more  broken  than  the  surface  of  hair. 
It  is  to  these  characteristics  of  wool,   therefore,   we  must  look. 

Serrations. — Because  it  was  discovered  that  the  scales  of  wool  lie 
less  compactly  together  than  the  scales  on  hair,  many  writers  and 
theorists  have  rushed  to  the  conclusion  that  wool  is  deeply  serrated, 
and  that  the  serrations  are  the  cause  of  felting.  Diagrams  are  drawn, 
showing  the  edges  of  wool  like  the  edges  of  saws.  As  we  have  seen, 
not  even  the  coarsest  of  wools  gives  any  warrant  for  such  diagrams. 
If  by  serrations  circular  imbrications  are  meant,  there  is  no  such  thing. 
Nor  do  the  edges  of  wool  scales  stand  out  and  grip  into  each  other, 
as  many  have  supposed.  It  is  notorious  that  Cape  wools  felt  with 
difficulty,  and  yet  those  wools  come  more  nearly  to  the  fancy  pictures 
of  serrated  wools  than  any  of  the  best  felting  wools.  If  roughly  im- 
bricated scales  are  the  cause  of  felting,  then  Cape  wools,  which  have 
such  scales,  should  felt  readily.  But  Cape  wools  felt  with  difficulty; 
therefore  imbricated  scales  cannot  be  the  cause  of  felting  in  wools. 

We  are  far  from  dismissing  the  serration  theory  altogether.  If 
by  serrations  we  understand  our  friends  to  mean  the  delicate  roughness 
of  the  surface  of  the  scales  and  the  infinitesimal  spaces  at  the  joints  of 
the  scales,  then  it  must  be  said  that  there  are  such  things,  and  that  they 
have  some  influence  upon  the  felting  action  of  wools. 

Factors  in  Felting-. — From  time  immemorial  the  practice  of  all  felt 
makers  has  been  to  suoject  the  fibres  to  be  felted  to  heat,  moisture,  and 
pressure.  Sometimes  the  heat  is  externally  applied,  and  in  other  cases 
it  is  generated  in  the  fibres  themselves  by  rapid  friction.  Moist  heat 
softens  the  glutinous  substance  of  which  the  wool  scales  are  composed; 
pressure  brings  the  fibres   into  closer  contact.     Wool   hairs   have  an 
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electrical  quality  which  renders  them  mutually  attractive,  but  pressure 
applied  under  normal  conditions  causes  the  scales  to  repel  each  other. 
Given,  however,  the  moisture  and  softening  heat,  the  scales  will  yield 
and  cling. 

Any  experienced  house-mother  will  tell  you  that  flannels,  even 
shrunk  flannels,  if  quickly  transferred  from  cold  water  to  hot,  or  from 
hot  to  cold,  will  felt  severely.  That  form  of  felting  is  irregular,  and 
shows  in  bulky  patches.  To  equalize  the  fibres  a  regular  pressure 
is  required.  But  the  actual  shrinkage  takes  place,  it  is  important  to 
note,  without  pressure. 

Those  wools  which  have  the  finest  scales  felt  best;  that  is  to  say, 
those  wools  the  scales  of  which  are  readily  responsive  to  moist  heat 
and  inefficiently  protective  of  the  sensitive  and  hygroscopic  inner  tube 
of  the  hair.  Next  come  those  wools  grown  on  sheep  inured  to  variable 
climate,  such  as  the  British  sheep,  even  horny  fibres  like  the  blackface 
having  a  high  felting  capacity.  The  wools  which  do  not  felt  readily 
are  those  with  hard  scales  and  low  hygroscopic  power — the  representa- 
tive of  the  one  class  being  the  Shetland  and  the  other  Cape  wool. 

Conclusions  on  Felting. — From  all  this  it  clearly  appears  that  the 
felting  quality  of  wool  is  derived  from  no  single  factor,  but  that  it  is 
the  result  of  many  causes,  the  exact  values  of  which  cannot  be  calcu- 
lated. On  the  whole  we  are  satisfied  with  having  found  out  the  real 
causes  of  felting;  the  measure  of  their  contributions  to  the  effect  may 
be  left  out  of  account. 

Two  facts  are  apt  to  drop  out  of  remembrance  in  discussions  on 
this  subject.  First,  the  spongy  nature  of  wool  threads  must  always 
be  considered.  Woollen  yarns  are  designedly  soft  and  open,  and 
worsted  yarns  are  not  devoid  of  openness.  Second,  in  the  present 
state  of  the  wool  industry,  when  the  straight,  unshrinking  cotton  yarns 
are  increasingly  used  instead  of  wools,  and  when  the  hosiery  industry, 
in  which  unshrinkable  yarns  are  desired,  is  becoming  more  and  more 
important,  too  much  may  be  very  easily  made  of  the  felting  quality  of 
wools.  Non-felting  wools  have  also  a  wide  field  of  usefulness  which 
seems  likely  to  grow. 

Chemical  Composition  of  Wool. — Wool  may  be  submitted  to  two 
kinds  of  analysis.  First,  we  take  the  wool  as  it  comes  off  the  sheep's 
back,  and  try  to  find  how  much  pure  fibre  is  in  it.  Second,  the  pure 
fibre  is  analysed  to  determine  its  chemical  composition.  Before  it  is 
washed,  and  freed  from  the  "yolk",  dry  wool  gives  this  analysis, 
according  to  Chevreul: — 
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Earthy  substance 

Suint 

Fatty  matter 

Earths  fixed  by  grease 

Wool  


Per  cent. 
26.06 

32-74 

8-57 
1.40 

31-23 


As  this  analysis  was  specifically  made  on  merino  wool,  it  must  be 
understood  that  some  variations  must  be  allowed  for. 

The  average  composition  of  pure  wool  fibre  has  been  given 
thus: 

Per  cent. 
49 


Carbon 

Hydrogen 

Oxygen 

Nitrogen 

Sulphur 


7 
26 

14 
4 


Yolk  or  Suint. — In  the  central  tube  of  the  wool  fibre  we  find  a 
substance  which  is  variously  named  yolk^  mint,  or  natural  grease. 
Composed  chiefly  of  potash  and  lime,  this  secretion  imparts  to  wool 
its  lustrous  softness  and  preserves  it.  But  yolk  acts  as  a  hindrance 
in  the  manufacturing  process,  and  the  wool  is  scoured  clear  of  it. 

Sources  of  Wool  Supply. — Wool  is  derived  from  the  domestic 
sheep.  Some  woolly  fibres  of  high  textile  value  are  obtained  from 
other  animals,  and  those  of  industrial  importance  are  noted  in  the 
course  of  this  work ;  but  we  do  not  think  it  necessary  to  consider  wool- 
bearing  animals  other  than  the  sheep.  The  varieties  of  sheep  are 
very  numerous,  and  a  description  of  their  characteristics  and  qualities 
is  sufficient  for  all  practical  purposes. 

The  Sheep. — One  of  the  first  animals  domesticated  by  man,  the 
sheep  thrives  wherever  pasture  grows.  Climate  and  soil,  food  and 
habitat,  greatly  modify  the  sheep;  few  animals  respond  so  readily  to 
environment.  Consequently  we  find  in  every  country  several  different 
breeds  of  sheep,  with  local  variations.  Under  the  guidance  of  science, 
and  working  for  the  industrial  market,  the  sheep  breeder  has  checked 
variation  and  turned  the  influence  of  environment  towards  the  develop- 
ment of  a  certain  uniform  quality;  but  experienced  shepherds,  even 
to-day,  can  distinguish  sheep  reared  on  different  farms,  though  of  the 
same  breed.  Long  before  mankind  had  thought  of  scientific  breeding, 
however,  sheep  of  diverse  character  had  been  developed  in  many 
regions;    these  defined  themselves    more  and   more   into   fixed   types, 
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and  must  now  be  recognized  as  distinct  varieties  of  the  species.  In 
addition,  numerous  sub-varieties  have  been  formed  into  pure  breeds, 
including  the  bighorn  of  America,  the  moufflon  of  Corsica  and  Sar- 
dinia, the  argaH  of  Asia,  the  Barbary  sheep,   &c. 

Species  and  Varieties  of  Sheep. — There  are,  in  all,  about  a  dozen 
wild  species  of  the  genus  Ovis.  The  numerous  varieties  of  domestic 
sheep,  which  supply  the  raw  material  of  the  woollen  industry,  are 
regarded  as  forming  the  species  Ovis  aries. 

Spanish  Merino. — A  native  of  Spain,  and  the  original  of  all  merino 
sheep,  this  animal  is  long-limbed,  flat-sided,  dark-faced,  woolly  on  the 
forehead,  with  folds  of  slack  skin  on  the  throat.  The  male  is  horned, 
and  the  variety  is  divided  into  two  classes — the  estantes,  or  stationary, 
and  the  trans Juimantes,  or  travelling.  According  to  tradition,  the 
latter  is  the  older  class.  These  sheep,  as  the  name  implies,  travel 
from  one  grazing  ground  to  another,  journeying  from  the  plains  in 
early  spring  to  the  mountains,  and  returning  again  to  winter  on  the 
plains,  making  a  round  of  about  400  miles.  The  stationary  breeds 
remain  on  the  farms  all  the  year  round.  During  recent  years  the 
travelling  flocks  have  been  diminished,  the  stationary  flocks  producing 
the  better  wool.  The  fleece  of  a  full-grown  merino  averages  about 
5  lb.,  and  the  wool  is  short  in  staple,  closely  curled,  covered  with 
fine  scales,  and  of  silky  texture. 

German  Merinos.  —  A  remarkable  characteristic  of  the  Spanish 
merino  is  its  prepotency  in  breeding.  No  matter  with  what  kind  of 
sheep  it  may  be  crossed,  the  progeny  has,  and  maintains,  the  merino 
character.  Owing  to  this,  merino  sheep  are  to  be  found  all  over  the 
world.  About  the  end  of  the  eighteenth  century  Frederick  Augustus, 
Elector  of  Saxony,  introduced  several  merino  rams  among  his  flocks 
to  improve  the  wool,  and  succeeded  beyond  expectation.  From 
Saxony  the  merino  strain  was  taken  to  Silesia,  Bavaria,  Prussia,  and 
other  German  states.  By  the  care  bestowed  upon  them  the  German 
merino  wools  were  brought  to  superexcellence,  and  up  till  recently 
Silesian  merino  was  everywhere  acknowledged  to  be  without  equal. 
Now,  however,  the  best  Australian  wools  are  quite  as  valuable. 

French  Merino.  —  Crossed  with  the  Roussillon,  the  merino  has 
greatly  improved  French  wool.  Long,  soft,  and  very  fine,  French 
merino  wool  is  remarkable  for  its  purity  of  colour,  and  the  average 
fleece  weighs  9  lb. 

The  Merino  in  Australia. — In  1797  Captain  Macarthur,  a  colonist 
of  New  South  Wales,  imported  three  merino  rams  and  five  Southdown 
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10,  South  American.  11,  Cape  Merino.  12,  Cape. 
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ewes  for  the  purpose  of  raising  wool.  He  succeeded  in  producing  a 
wool  of  fine  quality.  Other  colonists  followed  Macarthur's  example, 
and  within  ten  years  Australian  wools  took  a  high  place  in  the  London 
wool  market.  Later,  the  merino  was  crossed  with  the  Leicester  sheep, 
with  even  better  results.  The  pastoral  industry  is  now  the  greatest  in 
Australia;  the  flocks  number  over  70,000,000  sheep,  and  the  wool 
ranks  equal  in  all  essential  respects  to  the  finest  German  fleeces. 
Australian  wools  are  designated  according  to  the  port  from  which 
they  are  shipped,  the  principal  brands  being  named  Port  Philip, 
Sydney,  and  Adelaide. 

Port  Philip  Wool. — Grown  in  Victoria,  from  the  merino-Leicester 
cross.  Port  Philip  wool  ranks  highest  among  Australian  wools.  It  is 
a  fine  hair,  white,  of  medium  length,  and  spins  well,  the  average  fleece 
weighing  6  lb. 

Sydney  Wool. — Gathered  in  New  South  Wales,  this  wool  has  a 
staple  of  fair  length  and  fine  quality  of  fibre;  but  it  is  somewhat 
lacking  in  strength,  and  the  colour  is  irregular.  Of  high  felting 
quality,  this  wool  is  very  useful  for  making  doeskin  and  other  fine 
woollen  cloths. 

Adelaide  Wool. — The  wool  of  South  Australia,  exported  via  Port 
Adelaide,  is  distinctly  inferior  to  the  two  just  noted.  The  staple  is 
not  reliable,  and  the  colour  is  poor;  but  the  hair  is  fine,  and  it  felts 
well. 

New  Zealand  Wool. — Of  good  average  quality,  reliable,  sound, 
regular  in  colour,  medium  in  length  of  staple,  and  of  high  felting 
property.  New  Zealand  wool  always  commands  a  fair  price  in  the 
market.  The  cross-bred  wools  of  the  Dominion  are  equal  to  those 
of  Australia.  Common  New  Zealand  wool  produces  cloths  of  good 
body,  and  may  be  used  for  blending  with  shoddy. 

Cross-breds  in  Australasia. — During  recent  years  Australian  pas- 
toralists,  especially  those  occupying  the  richer  stations,  have  turned 
their  attention  to  the  breeding  of  larger  sheep,  from  which  a  larger 
fleece  but  of  coarser  quality  is  obtained,  using  Leicester  and  other 
rams  for  the  purpose.  As  a  result,  there  is  an  increasing  percentage 
of  long,  coarse,  lustrous,  or  "cross-bred"  wools  exported  from  Aus- 
tralia. 

These  wools  are  classified  into  coarse,  medium,  fine,  and  extra  fine, 
or  "  com  back  ",  with  large  quantities  of  lamb  wool.  Because  of  the 
frozen -mutton  industry,  large  quantities  of  fleeces  from  slaughtered 
sheep,  named  slipe  wool,  are  exported.     The  same  cause  has  also  led 
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to  breeding  for  heavier  sheep,  and  increased  the  tendency  towards 
supplanting  the  merino  by  the  cross-bred  sheep. 

In  1895  seventy  per  cent  of  AustraHan  wool  was  merino;  in  1903 
only  a  little  over  forty-eight  per  cent  was  merino.  Since  that  time 
there  has  been  a  slight  increase  in  the  percentage  of  merino  wool ;  but 
this  may  be  regarded  as  merely  a  passing  phase,  due  to  the  recovery 
from  the  great  drought  of  the  years  between  1895  and  1905,  which  was 
specially  fatal  to  merino  sheep  in  the  "back  blocks". 

In  New  Zealand,  as  has  been  noted,  the  same  tendency  is  strongly 
manifest.  At  present  ninety  per  cent  of  the  export  is  cross-bred  wool, 
whereas,  thirty  years  ago,   it  was  all  merino. 

Buenos  Ayres  Wool. — This  is  a  wool  of  fine  hair,  though  lacking 
in  elasticity.  The  principal  fault  of  the  South  American  wools,  how- 
ever, is  the  dirty,  burry  condition  in  which  they  are  sent  out.  After 
being  cleared  of  dirt,  the  wools  make  good  worsted  yarns. 

Odessa  Wool. — Produced  by  a  sheep  bred  from  a  cross  between 
a  merino  and  the  long-tailed  sheep  native  to  southern  Russia,  Odessa 
wool  is  a  very  valuable  fibre.  Strong,  pure  white,  of  medium  thick- 
ness, and  fairly  long,  the  wool  is  useful  for  producing  wTiite  woollen 
goods. 

Cape  Wool. — Very  fine  in  the  hair,  but  lacking  strength  and 
elasticity.  South  African  wool  makes  good  small  yarns  if  blended 
with  a  wool  possessing  the  qualities  it  lacks. 

British  Wools. — The  best  representatives  of  the  common  sheep  are 
the  British  breeds.  These  are  so  numerous  as  to  require  systematic 
classification.  As  our  object  is  to  obtain  a  knowledge  of  wool  fibres 
and  not  of  sheep  breeds,  we  purpose  classifying  the  animals  with  less 
regard  for  blood  relationships  than  for  the  kinds  and  classes  of  wools 
they  yield.  Following  this  plan,  we  divide  British  sheep  into  two 
classes,  viz.  those  which  grow  long  wools,  and  those  from  which 
we  derive  short-stapled  wools.  Lincoln,  Leicester,  Romney  Marsh, 
and  blackfaced  are  the  most  important  long-wool  breeds;  the  short- 
wool  class  includes  Shropshire,  Hampshire,  Oxford,  Norfolk,  South- 
downs,  Welsh,  and  Shetland;  whilst  Cheviots,  Dorsets,  and  Irish 
may  be  said  to  stand  midway  between  the  two. 

Lincoln  Sheep. — The  Lincoln  is  a  large  sheep,  native  to  the  county 
from  which  it  takes  its  name,  and  the  regions  round  the  Wash.  Lus- 
trous, soft,  and  curling,  the  staple  of  the  wool  averages  over  10  in. 
in  length,  and  the  sheep  gives  a  fleece  weighing  from  8  to  9  lb. 
Lincoln  wool  is  of  great  service  to  the  worsted  manufacturer. 
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Leicester  Sheep. — Finer  in  fibre  and  longer  than  Lincoln,  though 
not  so  soft  and  lustrous,  this  wool  has  been  accepted  as  the  m(xst 
generally  useful  of  the  worsted  wools.  Averaging  12  in.  in  length 
of  staple,  elastic,  of  good  colour,  and  sound,  Leicester  wool  makes  an 
excellent  material  for  dress  and  mantle  fabrics. 

Romney  Marsh  Sheep. — One  of  the  oldest  and  largest  of  British 
breeds,  this  sheep  is  raised  on  the  rich  alluvial  tract  of  country  between 
the  Kent  coast  and  the  South  Downs.  The  wool  is  slightly  inferior  to 
that  of  the  Leicester  sheep,  but  is  considered  fit  for  the  same  purposes. 

Blackfaced  Sheep. — Native  to  Scotland,  the  blackfaced  sheep  grows 
a  wool  of  great  strength,  crispness,  and  felting  quality.  The  fibres 
lack  fineness  and  tend  to  harshness.  Though  classed  as  a  long  wool, 
the  average  length  of  staple  does  not  exceed  5  in.  ;  in  some  districts 
it  is  even  less.  For  heavy  woollens,  blankets,  rugs,  and  carpets,  black- 
faced  is  a  suitable  wool. 

Short-wool  Sheep. — The  wools  derived  from  the  sheep  native  to 
the  high  uplands  resting  on  the  chalk  formations  in  the  south-east  of 
England,  named  "Downs",  are  regarded  as  the  most  generally  useful 
of  the  short  wools.  The  Down  breed  has  spread  over  a  large  part 
of  England,  and  variations  have  developed  in  the  different  localities. 
Southdoisons,  probably  the  original  breed,  give  a  wool  which,  though 
slightly  touched  with  harshness  and  somewhat  brittle,  is  a  very  fine 
hair.  The  fleece  averages  about  4  lb.  in  weight.  Hampshire  Down 
wool  is  longer  and  coarser;  Norfolk  Down  is  soft  and  fine,  but  lacking 
in  elasticity  and  strength.  Oxford  Down  wool  is  frequently  classed 
among  the  long  wools;  it  possesses  strength,  length  of  staple,  and 
good  colour,  with  the  defect  of  coarseness. 

Cheviot  Sheep. — A  native  of  the  Scottish  Border,  the  Cheviot  sheep 
is  reared  all  over  the  Scottish  Lowlands  and  the  tract  of  England  north 
of  the  Humber.  It  is  a  whitefaced,  hornless  sheep  of  good  size. 
Cheviot  wool  has  all  the  qualities  of  a  very  useful  fibre,  medium  in 
length,  soft  in  texture,  sound,  strong,  and  regular  in  colour. 

Welsh  Sheep. — The  Welsh  sheep  grows  a  wool  for  which  only  a 
limited  use  can  be  found.  Lacking  crimp,  and  being  thick  in  the 
hair,  it  is  chiefly  used  in  making  blankets  and  flannels.  For  those 
fabrics  Welsh  wool  is  admirably  suited. 

Shetland  Sheep. — The  wool  shorn  from  the  little  sheep  native  to 
the  Shetland  Isles  is  curly,  but  lacks  felting  property,  closely  resem- 
bling hair  in  character.  It  is  soft  and  of  medium  fineness.  Spinners 
of  hosiery  yarns  find  Shetland  wool  of  special  value. 
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East  India  Wools. — British  textile  manufacturers  draw  large  sup- 
plies of  wool  from  India.  A  country  so  vast  must  breed  numerous 
varieties  of  sheep,  but  the  wools  imported  by  us,  chiefly  from  Mysore 
and  the  Deccan,  are  much  alike  in  textile  quality.  These  wools  are 
short,  harsh,  and  brittle,  but  strong  and  lustrous,  with  a  considerable 
mixture  of  kemps.  Higher  qualities  come  from  the  north  of  India, 
but  the  quantity  is  small.  Manufacturers  of  carpets,  blankets,  and 
heavy  worsteds  use  the  typical  wools  of  India  in  considerable  quantities. 

Asiatic  Wools. — The  fat-tailed  sheep,  so  named  because  of  the 
enormous  growth  of  fat  on  its  tail,  is  found  in  Syria,  India,  and 
China.  Its  wool  is  short,  soft,  and  very  fine.  Of  the  same  species 
are  the  breeds  of  fat-rumped  sheep  raised  in  Tartary,  Siberia,  and 
Persia,  the  wools  of  which  are  generally  long  and  of  good  spinning 
quality.  As  we  have  seen,  the  broad-tailed  sheep  is  crossed  with 
the  merino  in  producing  Odessa  wools.  A  pure  breed  of  this  sheep, 
reared  in  Persia,  Bokhara,  Circassia,  and  Astrakhan,  produces  the 
soft,  curling,  strong  wool  known  to  Europeans  as  astrakhan. 

Fibres  related  to  Wool. — As  we  have  pointed  out,  the  difference 
between  hair  and  wool  is  chiefly  the  disposition  and  nature  of  the 
horny  scales  externally  covering  the  fibres.  We  may  therefore  expect 
to  come  across  some  wools  which  are  almost  hairs,  and  hairs  which 
are  practically  wools.  Among  the  latter  the  most  important  are  the 
hairs  of  the  Angora  goat  of  Turkey,  the  alpaca,  llama,  and  vicuna 
of  South  America,  and  the  camel. 

Angora. — Bred  in  the  mountains  of  Asia  Minor,  the  Angora  goat 
has  its  skin  covered  with  the  long,  silky  fibre  which  is  known  in 
the  textile  trade  as  mohair.  Very  fine,  lustrous,  wavy,  and  averaging 
about  7  in.  in  length  of  staple,  this  wool  spins  into  yarns  suitable 
for  the  highest  class  of  ladies'  dress  goods,  fine  cloths,  and  plushes. 
During  the  later  nineteenth  century  the  Angora  was  bred  in  Cape 
Colony,  whence  large  supplies  of  mohair  are  now  derived. 

Alpaca. — A  native  of  Peru,  and  having  its  home  on  the  higher 
slopes  of  the  Andes,  the  alpaca  is  kept  in  a  semi-domestic  state  by 
the  Peruvians,  for  the  sake  of  its  flesh  and  fleece.  The  staple  has 
a  length  of  9  in.  ;  the  hair  is  fine,  sound,  silky,  and  lustrous,  and 
spins  into  an  even,  strong  thread.  Varying  in  colour  from  white 
to  brown  and  black,  the  fibre  dyes  well,  and  produces  lustrous  fabrics, 
very  light,  but  of  strong  wearing  quality.  The  average  fleece  weighs 
between  10  and  12  lb. 

Llama. — This   is  the  domesticated  alpaca,   used   by  the   Peruvians 
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as  a  beast  of  burden.  Its  fleece,  longer  and  coarser  than  that  of  the 
alpaca,  is  generally  classed  as  an  inferior  grade  of  alpaca  wool. 

Vicuna. — An  inhabitant  of  the  mountainous  regions  extending  over  a 
large  part  of  Bolivia  and  Chili,  the  vicuna,  or  vicugna,  is  closely  related 
to  the  alpaca  and  llama,  but  smaller  and  finer  in  the  hair.  Long,  curly, 
silky,  and  lustrous,  the  one  defect  of  vicuna  wool  is  its  tawny  colour. 

Tibet  Goat. — There  are  several  breeds  of  the  Tibet  goat,  its  range 
extending  from  the  Himalayas  over  the  uplands  of  Mongolia,  Tartary, 
and  Tibet.  The  best  breeds  are  found  in  the  region  round  Cashmere. 
Two  kinds  of  hair  grow  on  this  animal,  the  one  very  long  and  tangled, 
the  other  short,  soft,  silky,  and  of  a  fine  grey  colour.  It  is  the  latter 
which  has  become  famous  under  the  name  of  Cashmere.  No  finer 
textile  fibre  has  been  discovered,  but  it  is  very  costly,  the  labour  of 
securing  a  fleece  weighing  4  oz.   lasting  several  days. 

Camel  Hair.  —  Till  about  the  middle  of  the  nineteenth  century 
camel  hair  was  quite  unknown  as  a  textile  fibre  to  the  manufacturers 
of  western  Europe,  though  it  had  long  been  in  use  among  the  Arabs 
and  Asiatics  generally  for  the  making  of  tent  coverings,  shawls,  rugs, 
and  various  fabrics.  There  are  two  breeds  of  camel — the  dromedary 
or  Arabian  camel,  and  the  common  or  Bactrian  camel.  Both  kinds 
have  patches  of  long,  curly  wool  on  the  throat,  thighs,  under  side  of 
body,  and  humps.  The  Arabian  camel's  hair  is  fine,  pale  in  colour, 
and  thin ;  on  the  other  hand,  the  fibre  shorn  from  the  common  camel 
is  rather  thick,  shading  from  light  to  dark  brown,  and  of  rough  texture. 
Carpets  and  heavy  cloths  are  made  from  this  wool. 

Manufactured  Wools. — Every  commodity  must  repay  the  cost  of 
production.  Because  of  the  land,  capital,  and  labour  used  in  the 
breeding,  feeding,  rearing,  and  shearing  of  sheep,  the  relative  value  of 
wool  can  never  sink  below  a  certain  level.  Wool  manufacturers  have 
frequently  felt  the  pressure  of  the  iron  law  of  value,  and  various  ways 
of  escape  have  been  attempted.  No  satisfactory  substiiute  for  wool 
has  been  discovered.  Obviously,  the  best  way  of  cheapening  the 
cost  of  a  raw  material  in  manufacture  is  to  lessen  and  utilize  waste. 
This  practice  has  more  or  less  obtained  in  wool  manufacture  from 
the  beginning.  The  small  fibres  which  were  left  ovef  from  the 
combing  were  secured  and  made  into  yarn,  even  when  the  spinning 
of  wool  was  a  cottage  industry.  Those  fibres  were  named  noils. 
Being  known  to  the  whole  trade,  and  already  discounted,  this  method 
of  utilizing  waste  gave  very  little  relief  to  the  manufacturer  oppressed 
by  the  dearness  of  wool.      More    effective    in    lessening   the  demand 
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for  wool,  and  therefore  cheapening  it,  as  well  as  supplying  a  low- 
priced  material,  were  those  processes  which  resulted  in  the  production 
and  utilization  of  shoddy,  muiigo,  extract,  and  flocks.  Collectively, 
all  these  are  known  as  manufactured  wools. 

Noils. — The  waste  of  the  combing  machines,  noils  are  commonly 
classed  in  four  divisions — Merino,  English,  Mohair,  Alpaca.  That 
is  to  say,  the  noils  are  classed  according  to  the  wools  from  which 
they  are  derived. 

Merino  Noils. — These  noils  are  only  less  valuable  than  merino 
wools.  They  are  mostly  used  in  the  production  of  fancv  woollen 
yarns;  the  shortest  mix  very  well  with  cotton  in  the  making  of  small 
yarns,  and  form  a  valuable  raw  material  for  the  felt-hat  manufacturer. 

English  Noils. — Somewhat  thick  in  the  hair,  the  waste  of  English 
combing  w^ools  may  be  used  for  almost  any  of  the  lower-class  and 
heavier  woollen  goods.  Good  tweeds  and  plaidings  are  made  from 
these  fibres.  For  giving  strength  and  body  to  shoddy  yarns  nothing 
can  be  better  than  a  mixture  of  English  noils. 

Mohair  and  Alpaca  Noils. — Being  of  hair-like  structure,  the  comb- 
ing waste  of  mohair  and  alpaca  cannot  be  used  in  fabrics  which  require 
to  be  felted ;  but  the  softness  and  lustre  of  the  fibres  render  them  highlv 
valuable  to  the  carpet  manufacturer. 

Shoddy, — Under  this  name  the  whole  class  of  manufactured  wools 
is  included  at  the  present  time;  but  the  term  was  originally  applied 
to  fibres  obtained  by  the  mechanical  disintegration  of  unfelted,  soft 
cloths  and  knitted  goods.  Produced  by  tearing  these  fabrics  into 
small  fibres,  shoddv  is  short,  and  easily  distinguished  from  wool  of 
the  same  class  bv  that  alone.  Mixed  with  New  Zealand  wool  it 
makes  a  good  yarn.  Many  low-class  cloths  are  made  of  shoddy,  or 
shoddy  mixed  with  cotton. 

Mungo. — Mungo  is  the  name  given  to  manufactured  wools  made 
by  tearing  into  fibres  all  kinds  of  woollen  cloths.  A  superior  mungo 
is  made  from  new  cloths,  such  as  tailors'  clippings,  old  patterns, 
small  remnants;  the  inferior  kind  consists  of  the  rags  of  worn-out 
garments.  Mungo  enters  into  the  composition  of  many  high-class 
fabrics,  chiefly  as  a  mixture  with  wool  in  the  weft  thread.  For  double 
cloths,  especially,  it  makes  a  serviceable  weft  for  the  backing.  Low- 
priced  cloths  are  made  of  mungo  weft  and  cotton  warp. 

Testing  for  Shoddy  and  Mungo. — Manufactured  wools  are  dis- 
tinguished from  pure  wools  by  irregularity  of  staple  and  the  shortness 
of  most  of  the  fibres.      Little  difference  can   be  observed   under   the 
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microscope,  excepting  that  the  average  of  broken  scales  is  much 
greater.  Compared  with  wools  of  the  same  class,  shoddy  and  mungo 
feel  harsh  and  brittle. 

Making  Shoddy  and  Mungo. — Both  materials  are  made  by  the 
same  process.  First,  the  rags  are  cleared  of  dirt  and  dust  in  a 
machine  called  a  shaker,  a  cylindrical  drum  the  sides  of  which  are 
composed  of  woven  wire.  Enclosed  within  a  dust-proof  case,  the 
shaker  whirls  rapidly  round,  and  frees  the  rags  of  dry  dirt.  Next, 
the    material    goes    into   the    hands   of    the   sorter,    whose   duty    is   to 


Fig.  4. — Rag-grinder.     K,  Back  bit-box.     o.  Delivery  port 

separate  all  the  different  qualities  and  kinds.  This  work  demands 
no  little  skill,  as  many  as  thirty-five  kinds  sometimes  being  found 
in  one  parcel.  Seaming  follows,  the  workers,  with  the  aid  of  fixed 
knives,  cutting  away  buttons,  tags,  or  other  foreign  materials,  and 
ripping  out  the  seaming  threads. 

Rag-grinding.  —  The  method  of  rag-grinding  is  simple,  though 
some  skill  is  required  in  operating  the  highly  developed  machines 
now  placed  at  the  service  of  the  shoddy  manufacturer.  The  older 
machines  simply  consisted  of  a  feed  hopper,  a  set  of  grinding  rollers, 
and  a  fan  for  blowing  forth  the  fibres,  but  invention  has  improved 
on  these  contrivances.  In  figs.  4  and  5  we  illustrate  one  of  the 
newest  and  most  efficient  of  these  machines.  Fig.  4  shows  the 
complete  rag-grinder  or  devil,  with  the  back  bit-box,  which   reserves 
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all  the  partially  ground  fibres  too  heavy  to  be  drawn  by  the  fan 
working  below,  and  the  opening  through  which  the  fan  drives  the 
finished  fibres.  Fig.  5  represents  the  machine  without  its  cover,  to 
show  the  working  parts.  The  feeder  carries  the  rags  forward  to 
two  fluted  steel  rollers  set  to  feed  and  hold  the  materials  against  the 
swift  or  cylinder,  clad  with  serried  rows  of  teeth.  Above  is  the  bit- 
roller,  spiked  to  catch  the  broken  bits  of  rags  and  throw  them  back 
on  to  the  feeder;  farther  back  is  the  second  bitter,  in  the  form  of  a 
steel  blade,  to  guard  against  any  of  the  finer  rags  escaping,  and 
sending  them  into  the  bit-box.  Bit-roller,  fan,  and  feeder-gear  are 
all  worked  direct  from  the  cylinder  shaft.      The  speed  of  the  feeder 


Fig.  s. — Rag-grinder,  with  Cover  removed  to  show  Working  Parts 

F,  Endless  feed  lattice,     r  r,  Fluted  feed  rollers,     b.  Front  bit-roller  with  spikes,     t,  Back  bitter,  or  bit  guard. 

S,  Swift,  or  cylinder 


is  varied  by  change  wheels,  according  to  the  staple  of  material 
required.  Driven  at  speeds  ranging  from  400  to  800  revolutions  per 
minute,  the  swifts  are  equipped  with  teeth  varying  from  2800  to  20,000 
per  swift. 

Extract  Wool. — Cotton  is  mixed  with  wool  in  the  making  of  many 
fabrics,  and  the  object  of  extracting  is  to  separate  the  animal  from  the 
vegetable  fibre.  Sulphuric  acid,  it  is  well  known,  reduces  vegetable 
fibre  to  cellulose.  Various  methods  are  taken  to  utilize  this  fact  for 
the  purpose  of  securing  the  wool;  but  any  method  shows  the  principle. 
After  steeping  the  fabrics  in  dilute  sulphuric  acid,  we  put  them  into 
a  carbonizer,  or  heating  chamber,  which  evaporates  the  water  and 
concentrates  the  acid,  causing  it  to  reduce  the  vegetable  fibre  to  dry 
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cellulose.  The  mass  is  then  run  through  a  blower,  which  expels  the 
disintegrated  vegetable  matter  and  preserves  the  wool  fibre.  Washing 
out  the  acid,  we  secure  a  fibre  which  may  be  used  as  wool.  Rendered 
harsh  and  brittle,  the  fibre  is  liberally  treated  with  oil.  This  gives  a 
hint  of  tests  for  detecting  extract  in  cloth;  it  is  always  oily  to  the 
touch,  and  harsh  and  brittle  in  texture. 

Flocks.  —  During  the  manufacturing  processes  a  considerable 
amount  of  material  goes  off  in  wastes  of  various  kinds.  There  is  waste 
in  the  carding  room,  in  the  weaving  shed,  in  the  fulling  or  milling 
department,  in  the  finishing  department  from  the  cropping  machines 
and  the  raising  gigs.  The  lowest  qualities  of  waste  are  loom  dust 
and  croppers'  dust.  Of  little  textile  value,  these  materials  are  some- 
times formed  into  thick  threads  by  mixing  with  a  gluey  substance, 
and  battered  on  to  a  strong  cotton  warp  to  make  a  heavy  cloth 
serviceable  as  rugs,  wraps,  or  overcoats  for  cabmen  and  others  exposed 
to  rough  weather.  More  often,  however,  the  **dust"  is  sold  to  makers 
of  paperhangings,  and  by  them  used  in  the  manufacture  of  heavily 
embossed  papers.  Fulling  flocks  are  the  highest  class  of  this  kind 
of  material,  and  may  be  blended  with  wool  for  the  production  of  soft, 
thick  yarns.  The  waste  from  raising  gigs  generally  ranks  next  to 
the  felting-machine  waste,  and  is  applied  to  similar,  though  inferior, 
purposes. 

Sheep-washing.  —  It  is  of  interest  to  know  in  what  manner  the 
sheep  is  divested  of  its  wool.  During  winter  and  early  spring  the 
sheep's  fleece  has  gathered  much  grease  and  dirt,  with  consequent 
matting  of  the  fibres.  To  make  a  clean  wool,  the  sheep  are  washed. 
This  is  usually  done  in  a  pool  fenced  ofl"  from  a  convenient  stream, 
and  sluiced  so  as  to  make  a  constant  supply  of  water  run  from  the 
one  end  to  the  other.  In  May  the  sheep  are  gathered  for  the  washing. 
One  by  one  the  animals  are  driven  into  the  lower  end  of  the  pool 
and  made  to  swim  up  stream.  A  man  with  a  long  pole,  called  a 
crutch,  rubs  and  souses  the  swimming  sheep,  while  assisting  them 
toward  the  upper  outlet,  where  men  squeeze  the  fleece  free  of  super- 
fluous water,  and  let  the  sheep  go  free. 

Mechanical  Sheep-washing. — Enjoying  a  plentiful  supply  of  water, 
and  other  natural  facilities,  the  British  sheep-farmer  has  not  been 
strongly  impelled  to  the  adoption  of  mechanical  methods.  Sheep- 
washing  by  machinery,  however,  has  been  largely  employed  in  the 
Colonies,  and  even  on  the  larger  farms  in  this  country.  Several  im- 
portant engineering  firms  have  brought  out  plants,  each  one  of  which 
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has  its  special  features  and  merits.  In  general  principle,  however,  they 
are  much  alike.  A  multitubular  boiler,  with  large  fire-box  suitable  for 
wood  fuel,  and  one  or  two  steam-pumps  supply  the  power.  The  pumps 
are  set  in  the  creek,  or  pond,  or  stream  from  which  the  water-supply  is 
derived ;  thence  pipes,  of  length  varying  with  the  distance  necessary, 
convey  the  water  to  the  washing  yards.  These  are  variously  planned; 
but  the  form  most  common  is,  first,  a  raining  yard,  fitted  with  per- 
forated pipes,  which  discharge  finely-divided  streams  of  water  upon  the 
animals  as  they  are  driven  through;  second,  a  small  swimming  tank, 
into  which  the  sheep  must  plunge  bodily  to  reach  the  only  exit;  third, 
a  washing  tank,  where  the  fleeces  are  thoroughly  scoured ;  fourth, 
another  swimming  tank,  through  which  the  sheep  pass  to  the  outside 
pen,  and  thence  to  the  fields.  Some  are  fitted  for  both  hot  and  cold 
water,  and  others  have  only  the  washing,  raining,  and  swimming 
yards.  The  whole  plant  is  portable,  and  may  be  lifted  and  set  down 
anywhere. 

Sheep-shearing.  —  After  allowing  the  wool  to  recover  its  lustre, 
the  farmer  begins  shearing.  The  sheep  are  gathered  and  penned 
at  one  end  of  the  shearing  place.  As  a  sheep  is  let  out,  the  shearer, 
armed  with  long  shears,  throws  the  animal  off  its  feet  between  his 
legs,  slits  off  the  wool  round  its  head,  down  the  neck,  and  all  along 
the  side,  turning  it  over  to  shear  the  other  side,  keeping  the  fleece 
whole,  and  cutting  evenly  all  the  way.  Carefully  gathered,  the  fleeces 
are  bound  with  thick  ropes  of  wool,  and  made  ready  for  the  market. 
In  this  manner  is  gathered  the  fleecy  harvest  which  clothes  the  world 
of  men. 

Classes  of  Fleece. — From  every  kind  of  sheep  three  classes  of 
fleece  are  taken.  Lamb's  'wool  is  the  first  and  finest;  it  is  shorn 
when  the  lambs  are  about  six  months  old.  The  second,  named  the 
yearling,  hog,  or  teg  clip,  comes  off  the  sheep  when  it  is  one  year 
old.  Scarcely  as  fine  and  soft  as  lamb's  wool,  the  yearling  fleece 
has  more  character,  strength,  length,  and  use,  being-  generally  con- 
sidered the  best  crop  of  wool.  Some  authorities  say,  with  a  good 
deal  of  reason,  that  when  the  sheep  has  been  shorn  as  a  lamb,  the 
best  crop  is  taken  in  the  second  year.  The  staple  is  certainly  longer. 
As  a  rule,  all  clips  taken  after  the  first  year  are  classed  as  eive  or 
•wether  fleeces.  Local  customs  in  different  districts  vary  the  names 
and  periods  in  many  ways;  but  wool-buyers  quickly  learn  to  adjust 
the  special  peculiarities  to  the  common  standard.  A  fourth  class, 
known  as  pelt  or  skin  wool,  is  taken  from  the  skin  of  the  dead  sheep. 
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The  staple  of  pelt  wool  is  irregular,  the  fibre  being  in  all  stages  of 
growth. 

Kemps. — Kempiness  has  always  been  the  most  serious  defect  in 
fleeces.  Very  often  found  in  unhealthy  and  wild  fleeces  and  pelt 
wools,  kemps  lack  the  true  wool  structure,  closely  resembling  strong 
hair,  stiff,  hard,  and  sheeny.  These  fibres  neither  dye  with  wool 
nor  combine  softly  with  it  in  any  way,  and  when  numerous  destroy 
the  value  of  the  fleece. 

Qualities  desired  in  Wools. — A  good  wool  should  possess  elasticity, 
strength,  softness,  good  colour,  felting  disposition,  and  regularity  of 
staple.  Fineness  of  fibre  is  also  desirable,  but  this  is  a  relative  quality, 
unobtainable  to  the  same  degree  in  the  several  kinds  of  wools.  Fine- 
ness in  a  blackfaced  wool  would  be  intolerable  coarseness  in  a  South 
American  merino.  The  main  factors  in  determining  the  length  to 
which  a  wool  can  be  spun  are  the  fineness  and  regularity  of  the  fibre; 
we  therefore  wish  to  obtain  the  greatest  degree  of  fineness  compatible 
with  the  other  qualities  of  the  class  of  wool. 

Elasticity. — One  of  the  most  valuable  qualities  of  wool  as  a  textile 
fibre  is  its  elasticity.  The  scales  on  the  hairs  act  like  small  springs, 
and  impart  to  the  thread  or  fabric  a  resilient  quality.  Pressed  together, 
wool  fibres  spring  apart  again ;  this  gives  to  all  kinds  of  wool  fabrics 
the  soft,  cushion-like  character  so  grateful  to  the  touch. 

Strength. — Wool  is  pre-eminently  a  wearing  fibre;  the  fabrics 
woven  with  it  must  be  capable  of  bearing  both  friction  and  tensile 
strain.  Brittleness  and  tensile  weakness  greatly  lessen  the  value  of 
a  wool  otherwise  good. 

Softness. — By  softness  we  mean  the  fine  flexibility  which  belongs 
to  pure  fibre.  When  the  outer  skin  of  the  wool  loses  its  fibrinous 
nature,  and  the  scales  degenerate  into  hardness,  the  wool  loses  its 
soft  quality  and  becomes  inferior.  All  the  finest  wools  have  a  silky 
feel ;   harshness  is  a  mark  of  inferiority. 

Good  Colour. — Wools  which  wash  a  pure  white  are  most  highly 
esteemed;  next  to  whiteness,  evenness  of  colour  is  most  essential. 
Most  wools  are  dyed,  and  variation  or  inequality  of  colour  renders 
the  appearance  of  the  cloth  patchy  and  irregular. 

Table  of  Wools. — By  grouping  the  wools  under  headings  indicat- 
ing various  standards  of  classification,  we  are  able  to  compare  the 
numerous  fibres  at  a  glance.  All  tables  are  merely  approximate; 
the  following  is  based  upon  the  results  of  practical  experience. 
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CHAPTER    III 
Silk 

Silk. — Most  beautiful,  lustrous,  and  perfect  of  fibres,  silk  has  been 
known  and  used  as  a  textile  material  for  thousands  of  years.  No  other 
fibre  was  so  highly  prized  by  the  conquering  races  of  the  ancient  world. 
This  ancient  preference  is  justified  by  the  latest  conclusions  of  science. 
Chemical  analysis  has  shown  silk  to  be  mainly  constituted  of  fibroin. 
From  a  soft,  mucous  substance,  fibroin  hardens  into  filamentous  shape 
and  becomes  a  genuine  fibre,  strong,  bright,  flexible,  and  elastic. 
Silk  is  divisible  into  slender  filaments,  but  they  are  closely  united. 
Minutely  separable,  the  fibres  of  silk,  if  spun  together,  make  a  compact 
and  united  thread.  These  are  the  characteristics  which  the  textile 
worker  seeks  in  every  fibre;  the  ideal  is  actually  found  in  silk.  Because 
made  up  of  filaments  so  slender,  it  can  be  woven  into  robes  of  gossamer; 
because  so  tenacious  and  flexible,  the  threads  of  silk  combine  in  fabrics 
of  impenetrable  density,  impervious  to  light,  moisture,  or  heat. 

Silkworms. — Silk  is  the  natural  product  of  various  species  of  moth, 
especially  of  the  family  Bombycid^.  The  distinctive  characteristic  of 
these  moths  is  their  habit  of  protecting  themselves,  while  in  the  chry- 
salis state,  with  a  fibrous  covering  or  cocoon.  Some  of  these  moths 
make  cocoons  which  are  mere  threads  of  a  gummy  substance,  devoid 
of  continuity  or  tensile  quality;  but  others  spin  round  themselves 
continuous  threads  of  fine  and  lustrous  fibre.  The  latter  are  the  true 
silkworms. 

The  family  Bombycid^e  includes  many  species  distributed  through- 
out the  world.  The  cocoons  of  the  moths  living  in  the  north  and  south 
temperate  climates  are  valueless  from  a  textile  standpoint;  but  in  the 
jungles  of  the  tropics,  as  well  as  in  the  cultivated  silk  farms,  the 
varieties  are  many.  These  may  be  very  simply  grouped  according  to 
genera:  i,  Bomhyx\  2,  Attacits;  3,  Anthercea;  4,  Actias\  5,  Mis- 
cellaneous Genera.  Some  authorities  adopt  a  classification  even  more 
simple,  and  group  the  domestic  or  cultivated  silkworms  in  one  divi- 
sion, and  the  wild  species  in  another.  The  latter  method  seems  very 
convenient,   but  it  really  conveys  no  information. 

Bombyx  Silkworms. — This  is  the  most  important  genus,  including, 
as  it  does,  the  Bombyx  mori,  or  common  silkworm.  Most  of  the  species 
feed  on  the  leaves  of  the  white  mulberry.  The  most  important  are  the 
following: — 
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(a)  B.  viori.  —  A  native  of  China,  this  moth  has  been  carried 
to  India,  Japan,  Persia,  Greece,  Turkey,  Italy,  and  France.  Its 
cocoons  are  white  or  yellow,  lustrous,  and  fine  in  fibre. 

ip)  B.  textor  is  found  in  southern  China  and  Bengal;  silk  soft  and 
flossy,  white  in  colour. 

(c)  B.  sinensis  gives  several  broods  a  year  and  produces  a  white  or 
yellow  cocoon  of  fair  quality. 

{d)  B.  croesi  was  introduced  from  China  into  Bengal,  where  it  has 
been  much  cultivated;  breeds  seven  times  in  the  year;  the  cocoons  are 
golden  yellow  and  of  good  size. 

{e)  B.  fortunatus  has  several  broods  annually,  and  makes  a  very 
small  cocoon  of  a  golden-yellow  colour;  it  is  reared  in  Bengal. 

Attacus  Silkworms. — In  feeding  and  habits  the  Attacus  moths  differ 
in  a  marked  degree  from  the  Bombyx  species.  Many  of  them  are 
omnivorous,  and  others  favour  the  leaves  of  those  trees  which  are  very 
plentiful  in  the  country  of  their  birth.  The  following  are  the  chief 
species: — 

(a)  A.  atlas  prospers  in  China,  Burma,  India,  Ceylon,  and  Java; 
feeds  on  the  leaves  of  various  trees  abundant  in  those  countries;  the 
cocoon  is  large,  and  composed  of  a  fine  reelable  silk. 

ib)  A.  cynthia,  domesticated  in  the  Chinese  provinces  of  Shantung 
and  Honan,  feeds  on  the  Ailanthus  glandiUosa\  it  produces  a  very  large 
cocoon,  the  silk  of  which  is  very  elastic,  but  lacking  in  tensile  strength. 

{c)  A.  ricini,  known  as  eri,  came  originally  from  Assam,  but  is  now 
largely  domesticated  in  Bengal;  feeds  on  the  castor-oil  plant;  breeds 
seven  or  eight  times  a  year;  cocoons  loose,  flossy,  and  difficult  to  reel, 
orange-red  in  colour,  though  white  cocoons  are  occasionally  found. 
Long  before  the  method  was  known  in  Europe,  the  Assamese  broke 
up  the  cocoons  and  spun  the  fibre. 

{d)  A.  ailanthus,  a  hybrid  between  the  Chinese  and  Bengal  species, 
has  been  found  a  very  useful  silk  producer  in  France  and  other  tem- 
perate countries. 

{e)  A.  pernyi  feeds  on  oak  leaves,  and  breeds  well  in  Italy,  Turkey, 
and  France,  though  a  native  of  China. 

Antheraea  Silkworms. — To  this  class  belong  the  wild  moths,  or 
tussehs,  from  which  large  supplies  of  silk  are  derived.  Only  a  few 
of  the  numerous  species  have  been  properly  defined,  and  still  fewer 
are  represented  on  the  silk  market.  The  following  are  the  principal 
species : — 

{a)  A.    mylitta^   widely   distributed   over   India,   feeds   on   the    ber 
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and  the  semul,  in  its  wild  state.  One  of  the  largest  cocoons  known 
is  produced  by  this  silkworm,  and  its  tensile  strength  is  great;  but 
the  fibre  is  thick  and  rather  coarse. 

{b)  A.  pernyi,  oak-feeding,  native  of  Manchuria,  produces  a  strong 
silk,  lacking  in  lustre,  but  abundant  in  quantity.  Easily  acclimatized 
in  Europe. 

(c)  A.  viitga,  or  assama,  native  of  Assam,  and  highly  prized  by  the 
cultivators  of  the  country;  it  is  prolific,  and  gives  a  good  quality  of  silk. 

{d)  A.  mezankoorie  is  said  to  be  also  highly  prized  by  the  Assamese; 
its  silk  is  nearly  white  and  almost  50  per  cent  more  valuable  than  that 
of  the  muga. 

{e)  A.  roylei  is  another  valuable  moth  of  this  genus,  reared  in  the 
Simla  district;  oak-feeding;  its  cocoon  is  large  and  the  fibre  is  tough. 

Actias  Silkworms. — A  genus  of  moths  widely  distributed  over 
eastern  Asia,  represented  chiefly  by  the  species  A.  selene,  bred  in 
Sikkim,  Mussooree,  and  the  Madras  Province.  The  cocoon  is  very 
long,  measuring  about  3  in.,  and  the  thread  is  thick,  strong,  and 
elastic. 

Miscellaneous  Silkworms.  —  Owing  partly  to  the  progress  silk 
cultivators  have  made  in  breeding  and  crossbreeding,  and  partly  to 
the  extreme  difficulty  of  collecting  reliable  information,  many  species 
of  silkworms  are  unclassified.  Of  the  former  agency,  the  yama-mai 
of  Japan  is  an  instance.  A  wild  moth,  it  has  been  domesticated  both 
in  Japan  and  in  Europe  with  conspicuous  success.  Owing  to  the 
disease  which  attacked  the  silkworms  of  France  and  Italy  in  1854^ 
silk  raisers  sought  the  means  of  replenishing  their  stocks.  Discovered 
in  1865,  the  yama-mai  was  found  to  answer  the  need  of  the  time.  Since 
that  time,  the  trade  in  Japanese  graine  has  steadily  grown,  and  the 
moth  has  been  crossed  with  other  species.  A  fine  fibre,  the  silk  of  the 
yama-mai  possesses  the  highest  percentage  of  tensile  strength  of  any 
known  fibre.     The  caterpillar  feeds  and  thrives  on  the  leaves  of  the  oak. 

Several  other  species  of  moths  are  worthy  of  the  attention  of  silk 
buyers,  notably  the  Senegal,  which  produces  cocoons  of  fairly  large 
size,  ranging  in  colour  from  white  to  grey;  the  Saturnia  species  of 
the  Himalayas;  and  the  Cricula  trifenestrata,  common  in  Assam, 
feeding  on  the  soom,  and  producing  an  open  cocoon  of  fine  colour 
and  high  lustre. 

Structure  of  Silk. — In  external  appearance  silk  is  a  solid  thread 
resembling  a  glass  rod;  but  the  fibre  is  in  reality  composed  of  three 
layers,  which  surround  a  tube  in  the  centre  (fig.  6).     The  tube  is  filled 
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I,  Common  Silkworm  {Boinhyx  iiiori):   Eggs,  caterpillar,  cocoon,  and  moth. 
2,  Antherica pernyi.         3,  Atlacns  alias.         4,  Aiithoica yania-inai. 
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with  a  fatty  matter,  which  assists  in 
preserving  the  flexibiHty  of  the  silk. 
Next,  we  find  the  principal  and  most 
valuable  constituent  of  the  silk,  viz. 
the  layer  oi  fibroin,  the  pure  principle 
of  fibre.  Round  this  lies  a  layer  of 
albumen,  and  outside  all  is  the  gela- 
tinous matter,  which,  because  they 
could  only  see  the  outside,  our  fathers 
named    sericin.      Silk    was    formerly 


Fig.  6. — Fibres  of  Wild  Silk  (highly  magnified) 

A,  A,  Cross  sections  [a.  Fibroin,     b,  Sericin)  B,  B,  Longitudinal 
sections 


regarded  as  a  perfectly  round  fibre; 
but  the  microscope  has  shown  that  it 
is  slightly  oval  in  shape,  the  inner 
tube  being  like  an  ^^g  in  form. 

Wild,  or  tusseh,  silks  differ  slightly 
in  form  from  the  true  or  domesticated 
silks.  The  fibres  are  flat  and  ribbon- 
like, and  the  inner  tube  is  larger  in 
proportion.  Striations  show  them- 
selves in  the  coarser  tussehs,  but  we 
can  hardly  recognize  in  these  an  or- 
ganic growth. 

Table  of  Particulars. — The  accom- 
panying table  will   enable  the  reader 
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to  compare  at  a  glance  the  values  and  characteristics  of  the  different 
breeds  of  silkworm. 

Chemical  Composition  of  Silk. — One  of  the  surest  means  of  dis- 
covering the  value  of  a  piece  of  silk  is  by  chemical  analysis.  Being 
a  natural  product,  silk  is  not  standardized,  but  the  margin  of  difference 
between  the  composition  of  the  whole  range  of  silks  is  singularly  small. 
Striking  a  fair  average,  we  find  that  the  chemical  composition  of  silk 
may  be  put  down  as  follows: — 


Pure  silk  fibre,  or  fibroin 

Gelatine 

Albumen    ... 

Wax 

Colouring  ... 
Resin  and  fat 


53-37  per  cent. 
20.66        ,, 
24.43 

1-39 
0.05 

o.  10        ,, 
100.00        ,, 


Silk  Tests. — Being  the  most  precious  of  all  fibres,  silk  is  often 
adulterated  with  cotton,  wool,  flax,  and  jute.  The  simplest  test  is 
burning.  Passed  through  a  flame,  the  vegetable  fibres  burn  quickly, 
but  silk  curls  up  and  emits  a  strong  odour  like  that  given  off  by 
burning  horn.  If  wool  is  present,  a  faint  odour  of  sulphur  is  felt. 
Chemical  analysis,  however,  affords  more  satisfactory  tests.  In  this 
we  may  proceed  in  two  ways.  We  may  either  seek  to  analyse  the 
cloth  thoroughly,  definitely  determining  the  amount  of  each  adulterant 
or  mixture,  or  we  may  simply  seek  to  detect  the  adulterants  and  test 
the  purity  of  the  silk.     Let  us  take  the  former  method  first. 

Suppose  that  the  sample  of  cloth  contains  cotton  or  some  vegetable 
fibre,  wool,  and  silk.  Boil  the  piece  of  cloth  in  an  aqueous  solution  of 
soda,  containing  10  per  cent  of  hydrate  of  soda.  In  a  very  short  time 
the  wool  and  silk  are  dissolved,  while  the  vegetable  fibres  remain. 
Pour  the  whole  upon  a  cotton  filter,  then  wash  the  undissolved  matter 
with  hot  water,  afterwards  acidulated  with  5  per  cent  of  hydrochloric 
acid.  If  the  residue  is  black  or  discoloured,  add  a  few  drops  of  chlorine 
water.  The  alkaline  filtrate  has,  of  course,  been  separated,  and  this 
is  tested  with  acetate  of  lead  for  wool.  If  a  white  precipitate  forms, 
silk  alone  is  present;   a  black  precipitate  indicates  wool. 

The  simpler  and  more  direct  method  is  to  dissolve  the  silk;  if  the 
cloth  is  pure,  no  residue  will  be  found.  Cold  hydrochloric  acid  will 
dissolve  silk  rapidly,  while  leaving  wool  and  vegetable  fibres  untouched 
for  a  considerable  time.  But  a  difficulty  arises  here.  Tusseh  silk 
resists  hydrochloric  acid  for  some  time,  and  the  acid  also  acts  upon 
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the  other  fibres.  We  must  find  a  method  which  leaves  no  doubts. 
Make  up  an  alkaline  solution  of  copper  and  glycerine  as  follows: 
Dissolve  16  gm.  copper  sulphate  in  distilled  water;  add  10  gm.  pure 
glycerine;  drop  into  the  mixture  caustic  soda  till  the  precipitate  dis- 
solves. This  solution  dissolves  silk,  and  leaves  wool  and  all  vegetable 
fibres  untouched. 

For  detecting  wool  alone,  Schweitzer' s  test  solution,  easily  procur- 
able, is  generally  used.  Put  the  cloth  in  ten  times  its  weight  of  the 
test  liquid  and  boil.  Within  a  few  minutes  the  silk  dissolves;  if  there 
is  any  residue,  we  conclude  it  is  wool. 

Rearing  the  Common  Silkworm. — A  native  of  China,  where  it  has 
been  bred  and  reared  for  thousands  of  years,  the  common  silkworm 
is  now  cultivated  in  India,  Japan,  Persia,  Russia,  Turkey,  Greece, 
Italy,  and  France.  The  perfect  moth  is  about  i  in.  long,  the  female 
rather  larger  than  the  male,  with  wings  dull  white,  barred  with  brown, 
convexly  covering  the  body.  Sluggish  in  disposition,  the  moths  make 
no  attempt  to  fly  away  from  the  spot  on  which  they  emerge  from  the 
cocoon.  For  a  few  days  the  moths  move  lazily  about;  then  the  female 
lays  her  brood  of  500  eggs  and  dies,  the  male  only  surviving  her  a 
short  time. 

Hatching  the  Eggs.  —  When  laid,  the  eggs  are  covered  with  a 
gelatinous  substance  which,  if  allowed  to  remain,  quickly  dries  or 
forms  a  floss,  joining  the  eggs  to  the  spot  on  which  they  have  been 
laid.  This  the  silk  cultivator  removes  by  washing,  because  it  hinders 
quick  hatching.  Before  laying  the  eggs  in  the  incubator,  the  silk 
raiser,  if  he  be  wise,  will  closely  examine  each  one  under  the  micro- 
scope and  remove  all  touched  with  the  slightest  taint  of  disease. 
Incubators  are  made  in  various  shapes,  but  the  simplest  is  a  set  of 
shallow  trays  covered  with  paper.  In  these  trays  the  eggs  are  laid 
away  to  hatch.  For  the  eggs  of  some  species  a  very  low  temperature 
is  necessary  if  the  proper  stages  of  development  are  to  take  place ;  but 
for  the  common  silkworm  an  even  temperature  of  about  64°  F.  is  con- 
sidered the  best.  For  a  period  of  eleven  months  the  eggs  lie  hid, 
showing  no  signs  of  life  save  a  slow  increase  in  size.  At  last,  how- 
ever, the  eggs  are  burst,  and  the  little  worms,  not  more  than  -^  in. 
in  length,  emerge  into  active  existence. 

Food. — The  natural  food  of  the  common   silkworm    is  the  leaf  of 

the  white  mulberry  tree  (fig.   7).     In  China,  Japan,   India,  and  other 

warm  countries  the  silkworms  are  hatched  in  the  open  air  and  on  the 

mulberry  trees  which  have  been  prepared  for  them.     The  trees  have 
Vol.  I.  q 
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been  rigorously  cut  back,  and  caused  to  grow  coppice,  with,  in  con- 
sequence, an  abundance  of  leaves  for  the  worms  to  feed  upon ;  but 
European  cultivators  are  compelled  to  follow  another  plan.  Wherever 
possible,  the  white  mulberry  is  grown  and  its  leafage  brought  to  the 
most  abundant  profusion;  in  places  where  the  white  mulberry  will 
not  grow  the  black  mulberry  is  resorted  to.  Abundant  food,  and  that 
of  the  best  quality,    is  indispensable  to  successful  silkworm   rearing. 


Fig,  7. — White  Mulberry  Leaves 

Broken,  dry,  mildewed,  or  fermenting  leaves  produce  disease  in  the 
caterpillars.  Small  as  they  are,  silkworms  are  voracious  feeders,  the 
worms  from  a  single  ounce  of  graine  consuming  1200  lb.  of  fresh 
mulberry  leaves  during  the  last  period  of  growth. 

Stages  of  Growth. — As  soon  as  the  caterpillars  come  out  of  the 
eggs,  the  temperature  of  the  hatchery  should  be  gradually  raised,  and 
the  little  animals  given  more  space  to  move  about.  They  are  raven- 
ously hungry,  and  plenty  of  food  must  be  given  them.  On  the  fourth 
day  of  active  existence  the  little  animals  begin  to  sicken  and  fall  torpid. 
They  have  outgrown  their  first  skin,  which  has  hardened.  Within  a 
day  the  skin  breaks  at  the  neck,  and  the  caterpillar  wriggles  itself  free 
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from  the  old  skin,  resuming  its  liveliness  and  voracity.  Supplied  with 
food  sparingly  at  first,  the  worms  grow  rapidly  while  the  new  skin 
is  soft;  but  it  quickly  hardens  again,  and  the  sloughing  process,  with 
attendant  sickness,  is  repeated.  Five  times  the  silkworm  changes  its 
skin,  growing  rapidly  in  each  interval.  At  the  end  of  a  month  or 
five  weeks  the  caterpillar  has  attained  full  size,  and  ceases  to  feed; 
it  restlessly  looks  about  for  a  spot  on  which  to  begin  its  spinning. 

Summary. — Silk  cultivators  generally  base  their  calculations  on  the 
ounce  of  eggs  or  graine.  In  the  table  following  we  show  the  weight 
of  leaves  and  the  space  required  for  each  ounce  of  eggs. 


Stage  of  Life. 

Days. 

Space  Required. 

Leaves  Consumed. 

sq.  ft. 

lb. 

ISt      

5 

9 

6 

2nd    ... 

4 

14 

22 

Srd 

6 

46 

65 

4th     

7 

109 

200 

5th    

9 

240 

1200 

Number) 
of  days,  J  3 

Total  weight"! 
of  leaves,    J  ^493 

Spinning  the  Cocoon. — As  soon  as  the  silkworm  ceases  to  eat, 
the  cultivator  provides  it  with  some  material  on  which  to  perch  for 
spinning.  Some  lay  the  worms  on  small  mounds  of  clean  straw; 
others  put  twigs  beside  them ;  others  carefully  set  them  on  the  twigs. 
Whichever  way  is  chosen,  the  important  matter  is  to  see  that  the  cater- 
pillar is  healthy,  and  that  it  has  room  to  do  its  work.  Examining  the 
silkworm  closely,  we  observe  two  full  glands  extending  along  the 
under  side  of  the  body,  from  throat  to  tail.  From  its  head  comes  out 
a  small  proboscis,  or  spinnerette,  and  on  the  last  segment  of  the  body 
but  one  a  hornlike  process  sticks  out.  Within  the  last  segment  are 
two  sacs  of  the  viscid  fluid  named  sericin.  From  the  two  glands  the 
caterpillar  draws  forth  the  fluid  fibroin,  spinning  a  double  thread, 
covering  it  with  the  gummy  secretion  from  the  posterior  sacs,  and 
winding  the  thread  round  its  body.  At  first  a  rough  floss,  the  fibre 
soon  assumes  the  form  of  a  clear,  silky  filament,  with  which  the  cater- 
pillar quickly  clothes  itself.  The  average  cocoon  is  about  i  in.  long 
by  f  in.  thick,  and  it  contains  from  300  to  500  yd.  of  silk  thread. 

Stifling. — If  left  alone,  the  silkworms  eat  their  way  through  the 
cocoons  and  emerge  as  full-grown  moths;  but  this  is  not  the  intention 
of  the  silk  cultivator.     Burst  cocoons  are  wasted,  all  the  delicate  fibres 
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being  broken.  The  finest  of  the  chrysalids  having  been  selected  for 
breeding  purposes,  the  rest  are  stifled  either  in  an  oven  brought  to 
200°  F.  or  by  dry  steam.  The  latter  is  the  better  and  most  recently 
adopted  method.  An  ingenious  apparatus  has  been  devised  for  the 
purpose  of  rapidly  stifling  the  chrysalids  by  dry  steam.  It  consists 
of  an  iron  basin,  with  fire  underneath ;  two  plates  for  holding  the  trays 
of  cocoons;  and  a  bell  lid,  which  can  be  lowered  or  raised  as  required. 
Filled  with  water,  the  basin  covered  by  the  bell  is  heated  up  to  99°  C. 
(211°  F.);  then  the  tray  of  cocoons  is  let  in  and  covered  again  for  the 

D 


Fig.  8. — Silk-reeling  Machine,  with  Part  of  Framework  removed  to  show  Course  of  Silk  Threads 

A,  Cocoons  in  trough  of  hot  water  heated  by  gas  jets,     b,  Guides  for  silk  threads,     c,  Threads  twisted,     d,  Drum 

on  which  silk  is  wound. 


space  of  fifteen  minutes.  The  chrysalids  are  effectually  stifled  by  the 
dry  steam  with  which  they  have  been  enveloped,  while  the  cocoons 
are  wholly  uninjured. 

Reeling  the  Cocoon. — Though  the  cocoon  contains  the  silk  fibre, 
we  have  not  yet  obtained  the  raw  silk  of  commerce.  The  dead  chrysa- 
lids lie  within  the  rounds  of  silk,  and  the  silk  itself  is  not  ready  for  the 
spinner  or  thrower.  To  rid  them  of  the  chrysalids,  the  cocoons  are 
laid  in  a  beater,  which  with  mechanically  driven  straps  drives  out  the 
dead  matter  in  the  form  of  dust.  Then  the  cocoons  are  stripped  of  the 
outer  floss,  and  made  ready  for  the  reeling. 

Reeling  Machine. — Several  kinds  of  reeling  machines  have  been 
constructed,  but  the  principle  of  them  all  is  the  same.  For  the  sake 
of  illustration  we  take  the  simplest  of  reelers  (fig.  8).     At  one  end 
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is  the  wide  cylinder,  or  reel,  on  which  the  threads  are  wound;  at  the 
other  end  the  hot-water  trough,  with  from  six  to  nine  compartments, 
holds  the  cocoons;  extending  between  is  the  frame,  with  guides  and 
twisting  tube.  The  trough  of  water  is  kept  hot  with  gas  jets  under- 
neath, regulated  to  suit  the  requirements  of  the  reeler,  for  whom  the 
water  softens  the  gum  on  the  cocoons.  But  the  guide  frame  is  more 
complex.  Five  bands  of  steel  are  fixed  at  short  intervals  across  the 
frame,  and  on  these  are  fixed  the  guides  which  lead  forward  and  com- 
bine the  silk  filaments  from  the  cocoons.  The  first  band  has  four  guide 
eyes;  the  second  band,  farther  from  the  trough,  has  also  four  guides; 
the  third  band  is  equipped  with  two  guide  eyes;  likewise  the  fourth; 
while  the  fifth  has  one.  A  tube  or  channel  connects  the  last  guide  eye 
with  the  cylindrical  reel,  which,  it  may  be  said,  is  hexagonal  in  shape. 

Working  the  Reel. — Having  stripped  the  floss  from  the  cocoon 
and  laid  it  in  the  hot-water  trough  to  soften,  the  reeler  takes  a  whisk 
and  twirls  it  on  the  cocoon  to  draw  out  a  thread.  For  a  heavy  thread 
this  is  repeated  till  eight  cocoons  are  threaded,  two  in  each  of  the 
four  compartments  of  the  trough.  The  two  adjoining  threads  are  put 
together,  and  led  through  one  guide  eye,  and  each  guide  eye  is  filled 
in  this  manner.  As  the  doubled  filaments  are  drawn  through  the  first 
set  of  guides,  they  are  crossed  and  drawn  through  the  next  set  of  guides 
on  the  steel  band.  The  crossing  both  rounds  the  threads  by  friction 
and  gives  one  of  each  pair  the  same  direction,  so  that  they  readily 
combine  in  the  guide  eye  of  the  next  steel  band,  which  has  only  two. 
Drawn  through  the  guides  on  the  third  band,  the  threads  are  again 
crossed  and  put  through  the  guides  on  the  fourth  holder,  to  be  com- 
bined in  the  single  eye  of  the  fifth  holder,  or  band.  Thence  the 
channel,  which  has  traversing  movement,  gently  carries  the  thread  on 
to  the  reel. 

Simple  as  the  work  appears,  the  reeler  must  possess  both  fineness 
of  touch  and  keenness  of  eye  to  accomplish  the  reeling  successfully. 
Cocoon  filaments  are  not  all  of  one  thickness,  and  even  the  thickest  are 
almost  imperceptible  to  the  naked  eye.  The  filaments  give  out  irregu- 
larly, one  cocoon  running  smoothly  on  for  hundreds  of  yards,  while 
another  fails  in  a  short  space.  To  obtain  a  regular  thread  under  these 
conditions  is  not  easy,  and  even  good  reelers  achieve  much  less  than 
perfection.  When  the  reel  is  full  the  thread  is  taken  off  and  made 
up  into  "books"  or  hanks,  according  to  the  custom  of  the  factory. 

Raw  Silk. — We  have  described  the  production  of  the  heaviest  and 
highest  class  of  silks,    but  there  are  simpler  and   easier  methods  for 
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reeling  silks  of  lighter  and  lower  grades.  European  silks  are  sold  in 
hanks  of  520  yd.,  valued  according  to  weight  and  quality.  Asiatic 
silks  are  made  up  in  skeins  varying  from  60  to  90  in.  in  length,  and 
bundled  in  bales  weighing  on  the  average   100  lb. 

Silk  Supply. — The  sources  of  silk  supply  have  not  been  explored; 
besides  the  silks  on  the  market  there  are  masses  of  fibres  and  powers  of 
production  incalculable.     Silk  is  a  costly  article,  and  the  demand  for  it 


Fig.  9. — Modern  Cocoon  Reeling  Machine 

The  threads,  A,  from  four  cocoons  are  led  through  a  filiere,  B,  and  the  united  thread  is  strained  and 
equalized  by  friction  upon  itself  at  c  in  the  tavelette  D,  whence  it  passes  to  the  reel  E. 

is  limited  by  economic  causes.  Apart  from  the  cost  of  raising  the  silk- 
worms, the  expense  involved  in  manipulating  the  fibre  is  large.  Good 
silk  must  always  remain  a  costly  article.  In  this  case  the  absence  of 
demand  limits  the  amount  supplied.  China  produces  more  silk  than 
all  the  rest  of  the  world,  the  total  being  estimated  at  24,000,000  lb. 
avoirdupois  annually.  India  and  other  comparatively  poor  countries 
have  also  large  resources  in  silk,  which,  if  the  demand  were  adequate, 
would  be  called  forward.  The  nations  of  western  Europe  consume 
about  20,000,000  lb.  of  silk  annually,  and  of  that  amount  Italy, 
France,  and  the  Levant  supply  scarcely  half,  the  other  half  being 
supplied  by  China,  with  small  contributions  from  India. 
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Silk  Waste.  —  A  reduction  in  the  cost  of  production  inevitably 
enlarges  the  demand  for  any  article  of  use  and  ornament.  By  utilizing 
waste  raw  material  we  effectually  reduce  the  cost  of  production ;  by 
shortening  the  labour  process  we  also  attain  that  end.  Silk  has  been 
cheapened  by  both  means,  the  one  being  curiously  involved  in  the 
other.  Precious  as  silk  is,  no  textile  fibre  incurs  a  larger  proportion 
of  waste  in  the  process  of  production.  To  obtain  the  moths  which 
carry  on  the  race,  cocoons  must  be  broken;  because  of  the  hardening 
of  the  gum  and  the  softness  of  the  threads  not  more  than  one-third  of 
the  cocoons  can  be  reeled;  imperfect  and  double  cocoons  are  numerous 
and  unreelable;  the  floss  stripped  from  the  outside  of  the  cocoon  and 
cast  aside  is  real  silk  fibre,  though  rough  and  coarse. 

The  delicacy  and  perfection  of  the  silk  cloths  render  a  certain 
amount  of  factory  waste  inevitable;  bad  and  broken  threads  cannot  be 
woven  into  those  fine  fabrics.  The  difficulty  in  the  way  of  utilizing 
silk  waste  lay  in  the  fact  that  silk  spinners  and  manufacturers  demanded 
a  continuous  skein,  and  the  very  nature  of  the  waste  precluded  this. 
Some  textile  manufacturers,  however,  utilized  the  silk  waste  resulting 
from  factory  processes  by  spinning  it  in  the  same  manner  as  cotton 
or  any  other  short  fibre.  Such  silks  were  regarded  as  merely  good 
enough  for  mixing  in  with  the  inferior  fibres,  and  were  not  accepted 
for  themselves.  The  problem  of  economizing  silk  was  not  solved, 
but  spun  silk  began  to  be  known  on  the  market. 

Utilizing  Wild  Silks. — In  addition  to  the  unreelable  parts  of  the 
cocoons  domestically  produced,  there  are  millions  of  cocoons  formed 
by  the  wild  moths  of  the  tropics  which  go  to  waste.  For  a  long  time 
the  wild  silks,  or  tussehs,  were  kept  out  of  account  as  a  source  of 
silk  supply,  because  of  the  difficulty  involved  in  converting  the  gummy 
cocoons  into  yarns.  The  material  was  plentiful  and  likely  to  yield 
silk  of  the  highest  quality,  if  it  could  be  reeled,  but  this  seemed  im- 
possible. Insurmountable  obstacles  may  sometimes  be  obviated,  and 
a  way  round  suggested  itself  to  Lord  Masham  (then  Samuel  Cunliffe 
Lister),  a  member  of  the  firm  of  Lister  &  Co.,  worsted  manufacturers, 
Manningham.  He  conceived  the  idea  of  spinning  the  unreelable  silk 
fibre.  Buying  a  small  quantity  of  the  wild  silk  from  a  London  chemist 
named  Spensley,  he  boiled  it,  and  brought  out  a  mass  of  tangled 
fibres  not  very  much  more  difficult  to  deal  with  than  some  of  the 
long  combing  wools  he  constantly  used.  By  a  series  of  opening  and 
combing  operations  Lister  managed  to  obtain  a  fine  sliver  of  silk  which 
could  be  easily  spun  into  thread. 
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Spun  Silks. — The  achievement  of  Lord  Masham  led  to  further 
experiments  in  the  direction  of  utilizing  all  forms  of  silk  wastes. 
Knubs,  broken  cocoons,  floss,  factory  waste,  and  every  description  of 
silk  fibre,  no  matter  how  broken,  may  now  be  reckoned  among  the 
textile  fibres.  First  reduced  to  a  small  but  even  staple,  the  silk  may 
be  made  into  yarn  by  the  same  processes  as  any  of  the  other  short 
fibres. 

Silk  Shoddy. — Led  by  the  example  of  the  woollen  trade,  silk  users 
have  utilized  the  scraps  of  new  silk  cloths,  such  as  patterns  and  clip- 
pings from  dressmakers,  for  making  what  is  now  termed  silk  shoddy. 
The  cloths  are  torn  and  shredded  in  the  rag-grinder,  and  the  resulting 
fibre  spun  into  yarn.  The  torn  and  worn  fabrics  of  cast-off  garments 
are  also  used;  but  this  trade,  because  of  the  amount  of  adulteration  in 
silk  cloths,  and  the  difficulty  of  detecting  and  removing  it,  has  not 
grown  to  any  extent. 

Comparison  of  the  Fibres.  —  In  lustre,  strength,  flexibility,  and 
tenacity  natural  silk  far  excels  spun  silk.  The  two  fibres  only  need 
to  be  placed  together  for  the  difference  to  be  perceived  at  once.  Why 
the  difference  should  be  so  marked  is  not  very  easily  explained.  The 
breaking  and  pulling  of  the  first  stages  in  the  spinning  process  seem 
to  act  injuriously  on  the  elastic  fibres.  By  "improving"  and  "gas- 
sing", the  defects  of  the  spun  silk  can  be  obscured  for  a  time;  but 
under  friction  the  friable  nature  of  the  fibre  reappears. 

Artificial  Silks. — Having  acquired  the  knowledge  that  silk  is  com- 
posed mainly  of  a  fibrinous  substance,  in  which  organic  action  plays 
a  small  part,  chemists  have  been  encouraged  to  attempt  artificial  pro- 
duction of  the  fibre.  Many  of  the  productive  processes  are  too  elabo- 
rate and  technical  to  be  followed  intelligently  by  persons  who  are  not 
learned  in  chemistry,  but  it  is  important  that  we  should  know  the 
nature  of  the  more  successful  of  those  compounds.  Though  for  a 
long  time  regarded  as  mere  laboratory  exercises,  the  production  of 
artificial  silks  has  become  industrially  and  commercially  successful. 

Wood-pulp  Silk. — The  manufacturer  of  wood-pulp  silk  treats  a 
cotton  or  wood  pulp  with  nitric  and  sulphuric  acid  to  convert  it  into 
nitro-cellulose.  This  is  dissolved  in  ether  and  alcohol.  The  solution 
is  driven  through  minute  apertures  and  solidified  in  the  shape  of  fine 
fibres.  When  spun,  the  substance  is  a  silky,  lustrous  fibre  which  serves 
very  well  as  weft  for  some  silk  fabrics. 

Various  Artificial  Silks. — Many  inventors  have  devised  special  pro- 
cesses for  making  artificial  silks,  but  the  majority  may  be  grouped  in 
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some  one  of  the  following-  four  divisions:  i,  Pyroxylin  silks \  solutions 
of  gun-cotton  in  alcohol  and  ether,  variously  treated;  i,  fibres  made 
from  sohition  of  cellulose,  dissolved  in  ammoniacal  solution  of  copper 
oxide  or  chloride  of  zinc;  3,  viscose  silk,  made  of  the  solution  of  thi(j- 
carbonate  of  cellulose;  4,  gelatin  silks,  usually  filaments  of  gelatin 
treated   with  formaldehyde. 


CHAPTER    IV 
Cotton 


The  Cotton  Plant. — The  most  useful  of  vegetable  fibres,  cotton 
grows  in  the  seed  pods  of  a  genus  of  plants  named  Gossypium,  be- 
longing to  the  mallow  family  (Malvaceae).  The  characteristics  of  the 
genus  are  well  marked:  leaves,  three-  or  five-lobed ;  flowers,  corolla 
of  five  petals,  calyx  five-toothed,  stamens  united  in  a  column ;  fruit,  a 
three-celled  or  five-celled  capsule  or  pod,  opening  when  ripe  and  dis- 
playing seeds  embedded  in  the  long  fibres  we  name  cotton.  Favouring 
a  mild,  warm  climate,  the  plant  has  been  found  in  nearly  every  region 
of  the  globe  between  the  36th  parallels.  There  are  many  varieties,  but 
the  genus  is  generally  divided  into  four  species: — i,  Gossypium  her- 
haceum;  2,  G.  arboreiim;  3,  G.  hirsutum;  4,  G.  barbadense.  In  plain 
language,  the  first  class  are  herbs,  with  soft  stems;  the  second  class 
are  trees,  with  woody  stems;  the  third  class  have  hairs  on  the  seeds; 
to  the  fourth  class  we  give  the  name  barbadense  because  it  is  supposed 
to  have  originated  in  Barbados. 

G.  herbaceum.  —  Probably  the  first  whose  fibres  were  used  for 
textile  purposes,  this  plant  grows  in  India,  China,  Persia,  Egypt, 
Turkey,  Cyprus,  and  in  Asia  generally,  both  wild  and  cultivated.  In 
some  places  the  plant  grows  to  9  ft.  in  height,  whilst  in  others  it  only 
attains  a  height  of  3  ft.  A  similar  and  more  important  variation  occurs 
in  the  fibres.  While  most  Asiatic  cottons  are  described  as  short,  harsh, 
wiry,  and  deficient  in  spinning  quality,  some  are  worthy  of  comparison 
with  the  average  products  of  the  American  cotton  lands.  To  avoid 
error,  therefore,  we  purpose  examining  the  fibres  derived  from  the  prin- 
cipal varieties  of  the  species  grown  in  the  more  productive  countries. 

{a)  India. — On   the  cotton   market   Indian   fibres  are   known   collec- 
tively as  Surats,  the  chief  varieties  of  which  are  named  Hinganghat, 
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Tinnivelley^  Oomrawattee^  Broach,  Dhollera,  Dharwar,  and  Bengals 
by  way  of  distinction.  Hinganghat  is  a  strong,  soft,  silky  cotton, 
averaging  1.20  in.  in  length  of  staple,  and  comes  from  the  Central 
Provinces.  Oomra-wattee  is  also  a  fine  cotton  grown  in  the  same 
district,  a  little  shorter  in  staple.  Broach  is  short,  wiry,  and  harsh, 
and  is  grown  in  the  Bombay  Presidency.  From  the  same  province 
comes  Dharwar,  which  possesses  a  longer  staple  and  a  fibre  of  fair 
spinning  quality;  it  is  grown  from  American  seed,  and  mixes  with 
Oomrawattee.  Bengals  also  give  over  an  inch  of  staple,  though  the 
fibre  lacks  softness,  and  needs  a  good  deal  of  cleaning. 

(b)  Egypt. — Herbaceous  cotton  is  the  native  product  of  Egypt ;  but 
the  introduction  of  American  varieties  has  altered  its  position  greatly. 
Soft,  silky,  long  in  staple,  and  brown  in  colour,  the  native  cotton  is 
highly  valued.  Mitajifi  and  Yannovitch  are  the  leading  varieties  ot 
herbaceous  cottons, 

{c)  Turkey  and  the  Levant. — G.  herbaceuni  is  grown  extensively  in 
Asia  Minor  and  round  the  south  of  the  Black  Sea,  and  exported  from 
Smyrna.  Averaging  over  i  ^  in.  in  length  of  staple,  the  fibre  is  very 
harsh  and  irregular,  and  only  suited  for  spinning  into  low  counts, 
because  the  farming  is  careless  and  unintelligent. 

id)  Cyprus. — The  herbaceous  cotton  plant  is  grown  on  this  island 
to  a  considerable  extent.  Short-stapled,  but  of  fair  quality,  more 
might  easily  be  made  of  this  cotton. 

{e)  China. — The  staple  cotton  of  China  is  herbaceous,  and  vast 
quantities  are  grown,  but  it  is  almost  wholly  consumed  by  the  natives. 
White,  rough,  and  short  in  staple,  the  cotton  is  not  of  high  textile 
value,  though  the  Chinese  make  very  strong  and  fine  fabrics  with  it. 

(/)  Turkestan,  &'c. — In  the  middle  of  Asia,  G.  herbaceuni  some- 
times grows  to  a  great  size,  but  the  fibre  seems  to  be  uniformly  of 
rough  quality.     It  is  grown  only  for  home  consumption. 

G.  arboreum  or  peruvianum.  —  Native  to  South  America,  this 
plant  grows  to  a  height  of  10  to  15  ft.,  and  the  stem  is  ligneous. 
The  trees  continue  fruitful  for  ten  years.  Cultivated  largely  in  Peru 
and  Brazil,  the  tree  has  been  introduced  into  Egypt  and  the  West 
Indies. 

(a)  Brazil. — On  the  cotton  belt  of  Brazil — extending  several  hundred 
miles  from  north  to  south,  and  about  150  miles  broad — the  G.  arboreum 
is  largely  grown.  It  yields  a  strong  and  wiry  fibre,  of  good  colour, 
and  the  staple  of  the  best  kinds  measures  i^  in.  in  length.  Harsh 
in  texture,    it  mixes  well  with    Egyptian    cotton   and   spins    into   fine 
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counts.  The  various  kinds  of  fibre  take  their  names  from  the  ports 
of  export.  The  best  known  are  Pernams,  Maceio,  Paraiba,  Rio 
G'rande^  Maranham,   Ceara,  and  Santos,  grown  from  American  seed. 

{b)  Peril. — From  historical  evidences  it  would  seem  that  Peru  was 
the  original  home  of  the  G.  arborettm.  Cloths  made  from  the  fibre 
have  been  found  in  the  prehistoric  tombs  of  the  country.  In  character 
the  Peruvian  fibre  differs  strongly  from  that  of  Brazil,  being  more 
crinkly  and  almost  of  a  woolly  texture.  The  staple  ranges  from  lyl  to 
i^  in.   in  length,  and  it  mixes  well  with  short  wools. 

(c)  Egypt. — Introduced  into  Egypt  about  the  middle  of  the  nine- 
teenth century,  this  tree  is  the  chief  producer  of  white  Egyptian  cotton. 
The  fibre  is  harsh,  but  the  staple  is  i  in.  in  length,  t^Vo-  i"-  diameter, 
and  spins  higher  counts  than  the  Brazilian  kinds,  ranging  up  to  70's 
counts. 

{d)  West  Indies. — Though  the  West  India  Islands  were  the  original 
home  of  the  highest  species  of  cotton,  known  as  "  Sea-island  ",  planters 
for  a  long  time  neglected  the  fibre  for  the  culture  of  the  sugar  cane. 
When  the  sugar  industry  declined,  cotton  cultivation  was  revived  in 
the  islands.  Early  in  the  revival  G.  arboreum  was  introduced,  and 
the  result  was  the  production  of  a  fibre  superior  in  length  of  staple 
and  texture  to  the  ordinary  Brazilian  cottons,  but  retaining  some  of 
the  defects  of  those  fibres.  The  colour  is  variable  and  the  texture 
hard  to  the  feel. 

G.  hirsutum. — Cotton  experts  on  this  side  of  the  Atlantic  differ 
from  those  of  the  United  States  in  their  methods  of  classifying  this 
plant.  Americans  make  two  classes,  one  herbaceous  and  one  hairy, 
the  former  being  the  superior.  We,  on  the  other  hand,  consider  that 
all  American  cotton  plants,  not  of  the  sea-island  species,  should  be 
classed  as  ^^  hirsntitin'\  In  point  of  fact,  all  the  plants  grown  in  the 
United  States  are  herbaceous;  but  because  of  the  special  qualities 
developed  by  American  culture  we  have  agreed  to  assign  them  to 
two  distinct  classes.  As  it  happens,  the  sea-island  variety  has  clean 
seeds,  whilst  all  the  other  cotton  plants  of  the  States  show  small  hairs 
on  the  seeds  in  addition  to  the  lint.  Here  is  a  distinction  clear  and 
unmistakable,  and  hence  the  classification,  hirsutitni. 

After  we  have  cleared  up  this  ambiguity,  another,  though  less  prac- 
tical, problem  occurs.  A  mystery  hangs  about  the  origin  of  G.  hirsittiiw. 
Some  authorities  say  that  it  is  nothing  more  than  the  G.  barbadense 
modified  by  climate  and  other  conditions;  others  assert  that  it  is  native 
to   the   continent,   and   came   from    Mexico.     Of  little  consequence  to 
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cotton  buyers,  the  problem  has  some  bearing  on  the  breeding  of  the 
two  species,  and  therefore  interests  cotton  cultivators. 

According  to  our  argument,  G.  hirsutum  is  the  most  extensively- 
cultivated  of  cotton  plants.  It  covers  the  vast  cotton  fields  of  Georgia, 
Alabama,  South  Carolina,  North  Carolina,  Tennessee,  Mississippi, 
Louisiana,  Kentucky,  and  Texas — all  the  cotton  belt,  in  fact,  except- 
insT  the  small  islands  on  the  coasts  of  Florida  and  Georgia,  and  a 
narrow  strip  on  the  mainland  of  these  and  adjacent  states. 

Classification  of  G.  hirsutum.  —  Shrubby,  spreading,  its  average 
height  3  ft.,  G.  hirsutum  produces  large  hairy  pods,  well  packed  with 
lint;  but  the  qualities  of  the  fibre  vary  widely  according  to  climate  and 
treatment.  In  order  to  obtain  a  clear  view  of  the  numerous  variations 
which  must  be  produced  in  territories  so  vast,  we  are  forced  to  adopt 
a  special  mode  of  classification.  There  is  no  need  to  take  the  trouble 
of  devising  a  system,  for  the  market  has  already  provided  one  of  suffi- 
cient clearness.  On  the  cotton  market  we  find  these  names,  each  one 
representing  a  definite  class  and  kind  of  cotton,  viz. :  Neiv  Orleans^ 
Texas ^  Mobile,    Upland.     These  may  be  characterized  as  follows: — 

ia)  Ne-w  Orleans. — Drawn  from  the  States  of  Mississippi  and 
Louisiana,  this  is  the  most  regular  and  reliable  of  American  cottons. 
The  colour  may  range  from  pure  white  to  a  creamy  tint,  but  it  is  good 
on  the  whole.  The  average  staple  is  over  i  in.  in  length,  and  the 
texture  of  the  fibre  is  fine,  soft,  yet  firm. 

ib)  Texas. — Next  in  merit  to  New  Orleans,  the  fibre  of  the  Texas 
cotton  plant  gives  a  slightly  shorter  fibre,  and  has  lustre;  it  is  a  good, 
useful  cotton,  capable  of  being  spun  pure  up  to  6o's  counts  of  yarn. 
Mixed  with  Egyptians  it  goes  higher. 

(c)  Mobile. — Grown  in  Alabama,  this  cotton  is  rather  soft,  though 
of  fair  length  of  staple  and  clean  in  fibre.  The  soft  and  spreading 
nature  of  this  cotton  makes  it  suitable  for  weft  yarns. 

{d)  Upland. — There  are  two  classes  of  upland,  the  short  and  the 
long,  the  latter  ranking  even  above  New  Orleans  in  value.  Long 
uplands  grow  in  Georgia  and  South  Carolina.  This  cotton  averages 
1 1^  in.  in  length,  and  the  fibre  is  strong  and  fine,  spinning  very  high 
counts  of  yarns.  Short  upland,  cultivated  by  the  farmers  of  Tennessee, 
Kentucky,  &c.,  is  scarcely  i  in.  long  in  staple,  and  ranks  lowest  in  the 
grades  of  cotton  fibres  grown  on  the  American  continent. 

{e)  Other  Countries. — The  G.  hirsutum  of  the  United  States  has 
been  transplanted  to  various  countries,  notably  to  Brazil  and  Egypt. 
In  neither  country  has  the  plant  done  very  well.     Santos  is  the  name 
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given  to  the  Brazilian  product,  and  it  partakes  strongly  in  the  defects 
of  the  cottons  native  to  the  country.  The  Egyptian  variety  is  also 
rather  harsh  and  wiry,  the  dry  climate  seeming  to  take  all  its  native 
softness  from  the  fibre,  without  imparting  any  better  quality. 

G.    barbadense.  —  The    plant   from    which    the    finest  of  all    cotton 
fibres,   known  as    "Sea-island",    is  derived,    G.   barbadense,    is  famed 


Fig.  lo. — A  Sprig  of  Cotton  [Gossypium  barbadense)  showing  Flowers  and  Bolls 


and  admired  throughout  the   civilized  world. 


Its  growth   ranges   in 


various  climates  from  6  to  15  ft.  The  flowers  are  yellow  and  the  seeds 
smooth  and  black,  whilst  the  pods  are  long  and  full.  Carried  from 
Barbados  to  the  mainland  of  America,  and  planted  by  the  settlers  on 
the  uninhabited  small  islands  along  the  coast  of  Georgia,  the  plant 
assumed  a  distinctive  character  from  its  new  situation,  producing  a 
longer  and  finer  lint  than  in  its  native  home. 

{a)  Sea  Islands. — From  a  practical  point  of  view  the  plants  grown 
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on  these  islands  are  the  original  G,  barbadense.  Kept  to  a  medium 
height  of  between  6  and  7  ft.  by  topping,  the  plants  yield  a  fair  crop 
of  pods,  though  they  are  not  so  fruitful  as  the  lower-grade  cottons 
of  the  mainland.  The  staple  is  long,  averaging  between  2  and  \\  in., 
the  fibre  being  strong,  silky,  regular,  and  greyish-white  in  colour, 
though  lustrous. 

{b)  Georgia^  Florida^  and  South  Carolina. — In  certain  seasons  and 
situations  the  sea-island  plants  of  the  mainland  give  a  staple  even 
longer  than  that  produced  on  the  islands,  but  the  average  is  generally 
less  by  a  very  small  degree.  The  slenderness  of  the  fibre,  which  is 
only  TtVir  '"•  i"  diameter,  and  its  silky  nature,  slightly  lessen  its  com- 
parative tensile  strength,  and  for  the  production  of  fine  sewing  cottons 
it  is  usually  mixed  with  fine  Egyptian  cotton.  Counts  up  to  2000's, 
or  160  miles  of  yarn  to  the  pound  of  fibre,  have  been  spun  from  this 
cotton,  though  for  exhibition  purposes  merely,  the  highest  useful  counts 
being  400's. 

(c)  Egypt. — When  the  high  quality  of  sea-island  cotton  became 
known,  attempts  were  made  to  introduce  the  plant  into  many  cotton- 
growing  countries.  Egypt  was  among  the  first  countries  in  which 
the  experiment  was  tried,  and  the  result  was  the  fibre  known  on  the 
market  as  Gallini.  Though  the  staple  is  scarcely  as  long  as  that  of 
the  American  varieties,  and  the  colour  tends  to  yellow,  the  Egyptian 
fibre  is  stronger,  and  spins  very  fine  counts,   200's  being  common. 

id)  South  America. — G.  barbadense  grows  fairly  well  in  Brazil 
and  Venezuela,  but  purely  as  an  exotic,  the  seed  requiring  to  be 
constantly  renewed.  The  fibre  is  of  good  length,  and  spins  into 
higher  counts  than  any  native  South  American  cotton. 

{e)  West  Indies. — G.  barbadense  has  been  taken  back  to  the  place 
of  its  origin,  Barbados  and  neighbouring  islands,  and  cultivated  with 
some  promise  of  success.  The  fibre  gathered  is  very  long  in  staple, 
fine,  silky,  and  of  fair  colour,  equalling  in  value  the  finest  American 
sea-island. 

(/)  Polynesia. — Situated  in  the  warm  waters  of  the  Pacific,  the 
islands  of  Polynesia  seem  to  offer  ideal  conditions  for  the  cultivation 
of  the  sea -island  cotton  plant.  The  fibre  produced,  however,  is 
irregular  in  length  of  staple  and  unreliable  in  general  quality,  though 
the  best  samples  are  soft,  silky,  long,  and  capable  of  being  spun  into 
the  highest  counts  of  yarn. 

Diffusion  of  G.  barbadense. — No  plant  is  cultivated  in  regions  so 
remote   from   its   birthplace  as   G.   barbadense.      It  has   been   sown    in 
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the  Soudan  and  Nigeria,  in  Australia  and  Borneo,  in  India  and 
China,  in  Algeria  and  Egypt,  in  Brazil  and  Peru;  but  the  results 
have  not  yet  appreciably  increased  the  world's  supply  of  sea-island 
cotton.  Fibres  better  than  those  native  to  many  of  those  regions 
have  been  obtained;  but  other  drawbacks  have  come  in  to  mar  the 
success  commercially.  When  frankly  treated  as  an  exotic,  and  fresh 
seed  imported  for  each  season's  sowing,  fibre  of  high  quality  is  obtained 
in  any  region  where  cotton  grows.  This  method,  or  the  interbreeding 
of  the  plant  with  indigenous  varieties,  seems  to  be  the  line  on  which 
diffusion  of  sea-island  qualities  may  be  accomplished. 

Cotton  Supply. — Now  and  again  we  have  been  unpleasantly  con- 
fronted with  the  fact  that  the  world's  consumption  of  cotton  fibre 
increases  more  rapidly  than  the  production.  According  to  optimistic 
calculations  the  danger  is  not  permanent.  They  say  that  some  one 
of  the  many  fibre-yielding  cotton  plants  will  grow  almost  anywhere 
between  the  36th  degree  north  and  the  40th  degree  south  of  the  Equator. 
This  is  probably  true,  and  it  seems  to  offer  the  whole  of  the  unoccupied 
land  in  the  tropical  and  sub-tropical  regions  of  the  earth  to  the  cotton 
grower.  Africa  north  of  Cape  Town,  Asia  south  of  Peking,  all  Austral- 
asia, the  Americas  south  of  Washington  and  north  of  Buenos  Ayres, 
the  Mediterranean  shores  of  Europe — all  this  vast  tract  of  earth  would 
seem  to  lie  open  to  the  grower  of  cotton.  Moreover,  we  find  that 
many  of  the  uncivilized  tribes  inhabiting  sparsely  -  peopled  tropical 
lands  have  grown  cotton  for  their  own  use  during  unknown  centuries. 
Despite  these  evidences,  stupendous  and  convincing  though  they  may 
appear,  the  fact  remains  that  the  cotton  supply  of  the  civilized  world 
is  almost  wholly  grown  in  four  regions  of  comparatively  small  area — 
the  southern  United  States  of  America,  India,  Brazil,  and  Egypt,  the 
first-named  supplying  on  the  average  two-thirds  of  the  total.  In  order 
to  obtain  an  understanding  of  these  facts,  as  well  as  to  learn  the  con- 
ditions of  cotton  cultivation,  we  must  briefly  consider  the  main  sources 
of  supply. 

Cotton  in  the  United  States. — Begun  in  1536,  on  the  sea  islands 
off  the  coast  of  Georgia,  with  seed  brought  from  Barbados,  the  cotton 
culture  of  the  United  States  has  spread  north  to  Washington,  west  to 
California,  and  south  to  the  borders  of  Mexico,  covering  fifteen  states, 
and  growing  on  land  amounting  to  over  31,000,000  acres.  As  may 
be  imagined,  the  variety  of  soils  included  in  this  extent  of  country  is 
very  great.  The  soils  of  the  cotton  belt  may  be  broadly  classed  in 
four  divisions.       i.   The  rich  marshy  soils  of  the  sea  islands  and  the 
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strip  ot  mainland  on  the  coasts  of  Florida,  Georgia,  and  South  Caio- 
lina,  overlying  the  Tertiary  and  Post-tertiary  deposits.  It  is  partly 
from  the  combined  richness  and  lightness  of  this  soil  the  sea-island 
cotton  takes  its  fine  length  and  silky  quality.  2.  Rich  alluvial  lands 
in  the  valleys  of  the  Mississippi  and  its  tributaries ^  Red  River,  Arkansas 
River,  and  all  the  watershed  of  the  Gulf  of  Mexico,  producing  the  fine, 
creamy  cotton  named  New  Orleans.  3.  Broad  tracts  of  prairie  lands ^ 
composed  largely  of  "  rotten  "  limestone,  extending  from  the  Alleghany 
Mountains  right  over  the  uplands  of  Georgia,  Alabama,  and  Texas  on 
the  south,  and  Tennessee  on  the  north.  Here  are  grown  the  higher 
qualities  of  uplands.  4,  Light,  sandy  soils,  which  cover  wide  tracts 
in  all  the  cotton-growing  States,  commonly  producing  the  short  uplands 
cotton. 

According  to  the  statistics  collected  by  the  United  States  Agri- 
cultural Bureau,  the  produce  of  the  -chief  cotton-growing  States,  in 
an  average  season,  stated  in  bales  of  491  lb.  net  weight,  amounted  to 
the  following:  Alabama,  1,470,000;  Arkansas,  905,000;  Florida,  89,000; 
Georgia,  1,975,000;  Louisiana,  1,100,000;  Mississippi,  1,777,000; 
North  Carolina  and  Virginia,  775,000;  South  Carolina,  1,200,000; 
Tennessee  and  Kentucky,  691,000;  Texas  and  Indian  Territory, 
3,584,000.  This  gives  a  total  of  13,566,000  bales.  Grown  on  31,730,371 
acres,  with  a  net  total  produce  of  6,695,108,281  lb.,  the  yield  per  acre 
was  211   lb. 

In  the  twenty  years  between  1883  and  1903,  the  acreage  under 
crop  increased  by  10,000,000  acres,  and  the  average  produce  per  acre 
rose  by  about  12  lb.  In  1905  the  increase  of  acreage  was  even  greater, 
for  the  very  simple  reason  that  the  price  of  cotton  in  1904  was 
abnormally  high,  "middling  uplands"  selling  at  from  over  17  cents 
down  to  6|  cents,  the  greater  part  of  the  crop  going  at  the  higher 
figure.  From  these  facts  we  are  entitled  to  infer  that  the  expansion 
of  the  cotton  crop  in  the  United  States  is  largely  a  matter  of  supply 
and  demand,  the  limits  of  the  available  acreage  being  beyond  reach 
for  a  long  time  to  come. 

Cotton  in  India. — The  total  production  of  cotton  in  India  is  esti- 
mated at  about  450,000  tons,  or  nearly  3,000,000  bales.  The  cultivation 
is  carried  on  in  a  primitive  manner,  and  soil  and  climate  do  not  favour 
the  plants.  The  best  soil  is  the  "black  cotton"  of  the  Deccan,  and 
on  the  western  side  of  the  country  generally  the  best  cottons  are  pro- 
duced. Taking  the  provinces,  we  find  that  the  following  figures  are 
approximately  correct:  Bombay  Presidency,  9,000,000  acres,  yielding 
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about  1,800,000  bales;  Madras  Presidency,  1,400,000  acres,  growing 
about  400,000  bales;  Bengal  Presidency,  with  Punjaub,  3,000,000 
acres,  giving  500,000  bales;  Burma,  Native  States,  and  Feudatories, 
less  than  2,000,000  acres,  yielding  about  300,000  bales.  Half  of  this 
product  is  consumed  in  the  cotton  mills  of  India,  leaving  about 
1,500,000  bales  for  world  supply.  By  means  of  irrigation  works  and 
improved  methods  of  cultivation  the  Indian  crop  could  be  largely 
increased  and  the  quality  of  the  cotton  improved.  The  present  average 
yield  per  acre  is  a  little  over  80  lb.,  which  seems  very  low  when  com- 
pared with  the  American  yield  of  over  200  lb.  per  acre.  Being  very 
short  in  staple,  Indian  cotton  is  not  much  used  in  Great  Britain,  but 
an  enlargement  of  the  supply  always  lightens  the  market. 

Cotton  in  Egypt.  —  Growing  cotton  from  indigenous  plants  for 
native  consumption  during  many  centuries,  Egypt  did  not  take  a 
place  on  the  world's  cotton  markets  till  the  year  1821,  when,  through 
the  introduction  of  American  seed,  under  the  auspices  of  the  energetic 
Mehemet  Ali,  the  crop  was  largely  improved  and  increased.  Beginning 
with  a  crop  of  1,000,000  lb.  in  1821,  the  cultivators  of  Egypt  now  send 
to  the  world's  markets  an  average  of  about  600,000,000  lb.  annually. 
At  present  the  area  under  cultivation  is  about  1,380,000  acres,  but  the 
vast  irrigation  works  recently  constructed  on  the  Nile  have  made  a 
great  enlargement  of  the  acreage  possible.  On  the  lands  fertilized 
by  the  inundations  of  the  Nile  and  the  irrigation  works  connected 
therewith,  the  labour  involved  in  cultivation  is  not  heavy,  and  the 
methods  adopted  are  primitive  in  the  extreme.  Of  late  years  some 
advances  have  been  made,  and  modern  agricultural  machinery  may 
be  seen  working  on  fields  adjacent  to  where  the  implements  of  ancient 
agriculture  are  being  employed.  With  improved  methods  the  crops 
of  Egypt  might  easily  be  doubled.  Mitafifi,  Abassi,  Ashmouni^  and 
Yannovitch  are  the  principal  varieties  of  Egyptian  cotton,  Abassi 
being  white  and  the  others  brownish  in  colour.  In  general  character 
the  cottons  are  very  fine  and  long,  and  the  best  qualities  are  the 
strongest  of  cotton  fibres. 

Cotton  in   Brazil. — The  cotton-growing  area  of  Brazil  is  probably 

equal    to  that   of  Egypt,   the   cotton    belt   being   150  miles    broad   by 

about    1600   miles    long.      But  the    Brazilians  furnish   no  statistics  of 

their  agriculture,   and  we  are   therefore    left   to  mere  guessing  as  to 

the  total  cotton  product  of  the  country.      The  average  annual  export 

is  about  30,000  tons,  but  this  amount  represents  only  a  small  part  of 

the  crop,  which  is  mostly  consumed  in  the  country,  there  being  over 
VOL.  I.  1 1 
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lOO  cotton  mills  in  operation,  while  large  quantities  are  spun  by  hand 
labour.  During  the  American  Civil  war  the  export  trade  of  Brazil 
received  a  strong  impetus;  but  after  the  close  of  the  war  the  trade 
sank  to  its  normal  level.  Native  Brazilian  cotton,  being  hard  and 
dry,  though  line  in  the  fibre,  is  only  available  for  the  higher  counts 
of  yarns,  and  therefore  finds  a  limited  market.  For  some  years  culture 
of  the  American  varieties  has  been  introduced,  and  from  these  fibres 
more  generally  useful  are  being  grown. 

Cotton  in  Peru. — In  many  respects  the  position  of  Peru  is  similar 
to  that  of  its  larger  neighbour.  The  produce  of  Peru,  however,  is 
strongly  distinguished,  the  fibre  known  as  rough  Peruvian,  grown 
on  the  cotton  tree  native  to  the  country,  being  much  favoured  by 
British  manufacturers,  becauses  it  mixes  readily  with  wool.  Smooth 
Peruvian  is  often  used  to  harden  New  Orleans.  Some  good  sea- 
island  is  grown  in  Peru.  The  annual  export  averages  about  7000 
tons. 

Cotton  in  China. — Really  a  great  cotton-growing  country,  China 
figures  rather  small  on  the  cotton  market.  Experts  calculate  the 
annual  cotton  crop  of  the  Celestial  Empire  at  something  over  300,000 
tons;  the  Imperial  Maritime  Customs  report  shows  an  annual  export 
of  42,000  tons.  The  Chinese  therefore  retain  most  of  their  cotton 
for  home  consumption.  The  fibre  sent  to  Europe  is  very  short  in 
staple  and  rather  hard.  The  Chinese  themselves  make  it  into  a 
fine  cloth  known  as  Nankin. 

Cotton  in  Cyprus. — The  soil  and  climate  of  Cyprus  are  suitable 
for  the  growing  of  cotton.  Near  Kythroea,  Dali,  and  Nissou,  where 
water  is  plentiful,  cultivation  is  carried  on.  The  rainfall  being  small, 
irrigation  is  needed  in  the  other  districts.  In  1865  Cyprus  exported 
1,800,000  lb.;  but  the  industry  has  declined,  and  the  export  in  a 
recent  year  amounted  to  little  more  than  300,000  lb.  The  cotton  is  of 
fair  quality,  and  might  easily  be  improved. 

Cotton  in  Asia  Minor. — In  the  three  long,  wide  valleys  opening 
on  the  ^gean  Sea,  cotton  is  cultivated  to  a  considerable  extent,  the 
average  annual  yield  being  about  72,000  bales.  The  fibre  is  of  high 
quality  but  very  dirty.  It  is  mostly  exported  to  Italy  and  Spain, 
through  Smyrna,  the  port  sending  out  about  5000  tons  annually. 
Under  proper  conditions  this  region  could  produce  large  supplies  of 
cotton. 

Cotton  in  Central  Asia. — Turkestan  and  Persia  constitute  a  large 
cotton  district  in   Asia,   whose  possibilities  are  great.     G.  herhaceiim 
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grows  to  enormous  size  in  these  places  and  produces  plentifully  a 
good  quality  of  cotton.  At  one  period  Persia  alone  sent  100,000 
bales  to  Europe;  but  the  trade  is  now  of  small  proportions.  The 
annual  crop  of  Turkestan  is  said  to  be  1,000,000  cwt.,  the  greater 
part  of  which  is  carried  overland  to  Russia.  Under  the  auspices  of 
the  Russian  Government  the  cultivators  of  Eastern  Turkestan  have 
begun  to  cultivate  cotton  from  American  seed,  which  produces  a  fibre 
equal  in  all  respects  to  "middling  uplands". 

Minor  and  New  Sources  of  Supply. — No  matter  how  exhaustively 
we  collect  all  the  cotton  fibres  produced  in  every  other  region  of  the 
world,  the  enormous  preponderance  of  the  United  States  as  a  cotton 
producer  stands  unimpaired.  The  fact  may  be,  in  some  measure, 
explained.  In  no  other  country  has  the  growing  of  cotton  been 
made  the  chief  objective  of  the  whole  population,  as  it  is  in  the 
Southern  States.  A  people,  highly  gifted,  strenuous,  energetic, 
enterprising,  with  vast  tracts  of  unoccupied  land  before  them,  have 
concentrated  themselves  on  this  industry.  In  almost  all  other  cotton- 
producing  countries  the  industry  has  been  only  one  of  many,  and 
hampered  by  despotic  governments,  barbaric  social  conditions,  tradi- 
tions, and  superstitions.  Where  the  people  are  free  and  well  governed, 
as  in  Australia,  economic  conditions  enter;  they  find  it  more  profitable 
to  produce  other  commodities.  There  is  no  reason,  therefore,  to  assume 
that  the  supremacy  of  the  United  States  in  the  world's  cotton  markets 
should  forever  remain  unchallenged.  Nor  do  the  Americans  hope  for 
any  such  thing.  That  great  nation  is  gradually  becoming  its  own 
best  customer  for  cotton.  Sometime  the  demand  of  the  American 
manufacturers  for  cotton  will  approximate  to  the  supply  grown  in 
the  country.  As  early  as  1852  the  cotton  manufacturers  of  Lancashire 
began  to  take  alarm  at  the  preponderance  of  American  cotton  in  the 
available  sources  of  supply.  A  Manchester  citizen  named  Thomas 
Clegg  took  action,  alone,  to  widen  the  basis  of  cotton  supply,  and 
established  cotton-collecting  agencies  in  West  Africa,  where  the  fibre 
had  been  grown  by  the  natives  for  centuries,  without  export.  In 
1857  the  Lancashire  manufacturers  formed  the  Cotton  Supply  Associa- 
tion. Under  the  auspices  of  this  body  an  exhibition  was  held  in 
1862,  to  advertise  the  cottons  of  the  newly-opened-up  districts,  and 
advance  the  objects  of  the  association.  The  zeal  of  the  promoters 
of  the  Cotton  Supply  Association  flickered  out,  and  till  the  end  of 
the  nineteenth  century  little  more  was  heard  of  it.  The  year  1902, 
however,  showed  a  shortage  of  cotton  crops,  and  the  British  Imperial- 
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ists,  who  had  been  awaiting  an  opportunity,  came  forward  with  the 
idea  that  the  British  Empire  should  be  made  self-sufficient  in  the 
matter  of  cotton  supply.  The  idea  caught  on,  and  the  British  Cotton- 
Growing  Association  was  formed  in  June,  1902,  and,  on  27th  August, 
1904,  became  incorporated  by  Royal  Charter,  with  a  capital  of  ;i^50o,ooq. 
With  the  political  aims  and  hopes  of  this  association  practical  men 
need  hardly  concern  themselves,  but  the  question  of  supply  is  so 
important  that  a  short  survey  of  the  smaller  and  newer  cotton  fields 
is  advisable. 

1.  Asiatic  Sources. — Japan'.  Indigenous  variety  of  G.  herbaceiim  \ 
fibre  short  in  staple  and  low  in  quality;  plant  very  prolific.  Java-. 
chiefly  a  local  variety  of  G.  herbaceitm,  quick-growing,  hardy;  coarse 
in  fibre;  other  varieties  can  be  grown.  Saigon:  climate  suitable; 
considerable  quantities  produced  at  one  time  for  export,  but  now  not 
known  on  the  market.  Borneo:  cotton  grows  wild  in  many  districts; 
the  native  variety  yields  a  white  fibre  of  medium  length. 

2.  European  Sources. — Italy:  Cotton  is  grown  on  the  Adriatic 
seaboard,  and  on  the  southern  shore  of  Sicily;  grown  from  New 
Orleans  seed,  the  cotton  is  of  good  quality,  medium  in  staple,  and 
soft,  the  chief  varieties  being  named  Pugliar,  Castellainare,  Bianca- 
ville  and  Terranova.  Levant:  much  of  the  Ottoman  empire  possesses 
both  soil  and  climate  suitable  for  growing  the  finest  cottons;  but  small 
quantities  only  are  produced. 

3.  American  Sources. — Honduras,  Guatemala,  and  San  Salvador: 
the  cottons  of  both  North  and  South  America  grow  well  in  all  these 
states;  fibre  from  G.  periivianuni  is  sold  on  the  market  in  considerable 
quantity.  West  Indies:  soil  and  climate  in  every  way  suitable;  sea- 
island  and  New  Orleans  seeds  have  been  sown  extensively  in  Barbados, 
Trinidad,  St.  Vincent,  and  other  islands,  yielding  crops  of  long-stapled 
fibre  and  highest  quality.  Ecuador  and  Surinam:  small  amount  of 
production,  but  the  whole  equatorial  region  of  South  America  will 
grow  cotton.  Paraguay  and  Uruguay:  rich  soils  and  copious  rainfalls 
at  the  proper  season,  combined  with  warm  summers;  cotton  of  fine 
quality  grown  to  a  small  extent  in  both  States,  and  might  be  indefinitely 
increasedj 

4.  Australasian  Sources. — Australia:  extensive  tracts  in  Queens- 
land, New  South  Wales,  and  South  Australia  suitable  for  cotton 
growing,  but  cost  of  labour  hinders  development;  probably  the 
Commonwealth  will  grow  cotton  for  its  own  needs.  British  New 
Guinea:    native  cotton   equals  American   middling  in   value;    acreage 
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small,  and  may  be  extended  over  vast  areas.  Fiji',  sea-island  and 
"kidney"  cottons  ^rown,   the  latter  by  natives. 

5.  African  Sources. — British  East  Africa-,  native  cotton  yields  fair 
crops  of  short  fibre;  soil  and  climate  favour  Egyptian  varieties.  British 
Central  Africa:  natives,  Americans,  and  Egyptians  grow  well  in  this 
district;  about  15,000  acres  at  present  in  cultivation.  Rhodesia:  native 
cottons  of  good  quality  grown;  scientific  methods  of  culture  and  high- 
grade  seeds  likely  to  give  good  results.  Transvaal:  indigenous  varieties 
of  the  cotton  plant  cultivated  to  a  small  extent,  but  fibres  poor  in  quality 
for  lack  of  moisture;  for  extensive  cotton  culture  irrigation  is  required. 
British  West  Africa:  it  is  from  the  vast  region  collectively  named 
British  West  Africa  that  the  greatest  additions  to  our  cotton  supply 
are  to  be  expected.  All  the  tribes  who  have  attained  any  degree  of 
civilization  grow  cotton  for  their  own  use.  Indigenous  cottons,  rough 
in  fibre,  but  of  good  length,  have  been  imported  to  Great  Britain  during 
about  sixty  years,  varying  in  quantity  from  300,000  to  800,000  lb. 
Thomas  Clegg's  collecting  stations  laid  the  basis  of  the  trade,  but 
the  uncertainties  of  savage  life  have  made  the  supply  irregular  and 
unreliable.  Under  British  rule  the  natives  are  encouraged  to  form 
industrial  habits.  Egyptian  and  American  seeds  have  been  sown 
in  Southern  Nigeria  (Lagos),  Gambia,  and  other  provinces,  and 
promising  results  have  been  obtained. 

Cultivation  of  Cotton. — Cotton  is  a  natural  growth,  but  the  plant 
produces  better  and  more  fibre  when  cultivated.  Up  to  the  present 
there  is  no  exact  science  of  cotton  culture;  agriculture  yields  very 
slowly  to  the  arguments  of  science.  There  is,  however,  a  wide 
difference  between  the  farming  of  the  American  cotton  grower  and 
the  rude  tillage  of  the  Indian  cultivator.  The  former  pursues  a 
definite  method,  with  the  aid  of  agricultural  implements  ingeniously 
devised ;  the  latter  has  a  mere  habitual  routine,  and  works  with  primi- 
tive tools.  The  results  of  the  two  systems  more  than  justify  detailed 
attention  to  scientific  cultivation. 

Climate. — The  principal  factor  in  the  growth  of  cotton  is  the 
climate;  it  is  a  semi-tropical  plant  and  cannot  live  without  the  light  and 
heat  of  the  warm  sun.  To  attain  perfection  the  plant  requires  a  warm 
atmosphere,  steadily  rising  from  spring  to  summer,  and  slowly  declining 
from  summer  to  autumn,  with  copious  rainfall  in  the  early  period  and 
dryness  in  the  latter  part.  The  growing  season  extends  over  six 
months;  maturing  takes  about  another  month.  On  the  northern 
portion   of  the  cotton    belt   in   the   United   States   the  mean   monthly 
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temperature  rises  from  60°  F.  in  April  to  80^  F.  in  July,  and  declines 
to  62°  F.  in  October.  In  the  southern  states  the  temperatures  range 
higher  by  an  average  of  10°  to  15°  F.  Sudden  changes  from  heat 
to  cold,  or  storms,  affect  the  plant  unfavourably.  Where  the  climate 
is  dry,  irrigation  materially  counteracts  the  effect  of  the  lack  of  rain, 
and  under  constant  sunshine  the  plants  mature  quickly.  Frost  is 
the  chief  climatic  enemy  of  the  cotton  grower;  as  soon  as  the  plant 
has  germinated,  a  touch  of  frost  is  fatal. 

Soil. — There  is  no  soil  on  which  cotton  will  not  grow,  provided 
it  has  the  elements  of  vegetable  nutriment  in  it;  the  plant  springs 
up  spontaneously  on  all  kinds  of  land.  Most  cotton-planters  judge 
soils  by  the  amount  of  moisture  and  heat  they  will  retain  rather 
than  by  the  quality  of  nutriment  they  contain.  Cotton  is  not  a 
greedy  feeder,  but  it  responds  readily  to  good  food;  it  is  therefore 
the  interest  of  the  grower  to  find  out  the  foods  which  the  plant  most 
requires.  The  cotton  fibre  being  pure  cellulose,  the  best  soil  is  that 
which  contains  a  large  proportion  of  vegetable  compost  and  nitro- 
genous matters.  Where  present  in  small  amount,  or  exhausted  by 
constant  culture,  these  constituents  may  be  artificially  supplied  by 
fertilizers,  such  as  nitrate  of  lime,  phosphates,  and  potash.  Artificial 
manures,  however,  are  mostly  stimulants,  and  the  more  natural  and 
surer  method  is  to  adopt  such  a  rotation  of  crops  as  will  give  back 
to  the  soil  what  the  cotton  crop  has  taken  from  it.  To  restore  the 
humus,  and  build  up  a  store  of  nitrogen,  clover  and  other  leguminous 
crops  are  the  best. 

Tillage. — During  the  winter  months  the  land  is  prepared  for  the 
cotton  seed.  First  the  soil  is  ploughed  deeply  and  thoroughly  broken 
up  to  a  depth  of  from  10  to  12  in.;  then  the  harrow  is  brought  along 
to  pulverize  the  earth-clods,  and  a  heavy  roller  completes  this  part 
of  the  work.  About  a  week  before  sowing,  the  land  is  bedded  up, 
that  is,  the  land  is  thrown  into  ridges  from  2  to  3  in.  higher  than 
the  level  of  the  field.  The  row  is  opened  up  and  the  manure  laid 
in ;  then  the  plough  is  run  to  and  fro,  heaping  the  top  soil  to  the 
centre.  In  the  short  interval  between  this  last  operation  and  seeding 
weeds  begin  to  grow,  and  to  root  them  out  a  light  harrow  is  run  over 
the  whole  field.     This  saves  much  labour  during  the  coming  season. 

Sowing. — Sowing  is  done  in  the  United  States  by  a  mechanical 
planter,  which  distributes  the  seeds  and  drills  the  holes  at  the  one 
operation.  Before  sowing,  the  seeds  of  G.  hirsutiun  are  treated 
with  a  mixture  of  cow  dung  and  water,   or  solution   of  saltpetre,    to 
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separate  and  clean  the  seeds.  Soil,  locality,  and  class  of  plant 
determine  the  distance  between  the  rows  or  beds;  in  fertile  soils, 
and  for  large  plants,  the  intervals  are  from  4  to  5  ft. ;  in  light  soils 
3  ft.  may  be  ample.  Similarly,  the  distance  between  successive  plants 
in  the  same  row  varies  from  2  ft.  up  to  5  ft.  Planting  time  is  regulated 
by  season  and  climate;  in  the  tropics  the  sowing  begins  as  early  as 
the  first  day  of  March,  whilst  in  temperate  climates  April  20  is  early 
enough.  Messrs.  Burkett  and  Poe,  in  Cotton^  give  the  following 
table  for  sowinjr: — 


Southern  Texas 

March   i 

Eastern  Texas 

M      15 

Louisiana 

M      15 

Southern  Mississippi 

,,     20 

South  Carolina  Coast 

April     I 

Mississippi  Bottoms 

M               I 

Middle  Texas 

.'       5 

Arkansas     ... 

M             5 

North  Carolina 

,,     20 

South  Carolina 

M           20 

Georsfia 

M            20 

Some  good  farmers  delay  sowing  as  long  as  possible,  keeping  the 
land  as  clean  as  they  can,  and  trusting  to  the  warm  weather  to  give 
the  young  seedlings  a  chance  of  getting  ahead  of  the  weeds  and  grass. 

Weeding  and  Thinning. — The  seed  has  been  sown  plentifully,  and 
the  plants  come  up  in  clusters  or  continuous  rows ;  to  give  them  room, 
thinning  is  resorted  to.  The  hoe  has  long  been  employed  in  most 
districts,  though  a  light  weeding  machine  is  now  being  used  for  the 
purpose.  Weeding  is  the  next  duty  of  the  farmer,  and  it  keeps 
him  and  his  hands  busy  all  the  season  up  till  close  on  harvest. 
In  slavery  times  weeding  was  wholly  done  by  negroes  with  the 
hoe;  but  the  primitive  tool  is  being  rapidly  displaced  by  machines 
called  cultivators,  resembling  a  harrow,  but  equipped  with  shovel- 
like prongs,  which  grub  up  the  weeds  and  turn  the  soil  up  towards 
the  plants.  Driven  between  the  rows,  the  cultivator  takes  away  the 
weeds  and  brings  nourishment  to  the  growing  roots. 

Cotton  Picking. — In  June  and  July  the  cotton  fields  blaze  with 
yellow  flowers;  the  blossoms  fade  one  by  one,  and  the  hulls  of  the 
flowers  form  into  seed  pods  or  bolls  (fig.  11).  Early  in  August  the 
pods  are  full,  they  burst,  and  a  tress  of  white  fibre  springs  from 
each.     In   the   sunlight   the   tresses   ripen    into   soft   fleecy   staples   of 
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cotton   wool,    making  the  fields  glisten   with  snowy  whiteness.     Now 
is   the   time   for   the   pickers   to    begin,   and   they  enter   the   fields    in 


Fig.  n.— Cotton  Bolls 


gangs,  men,  women,  and  children  of  all  ages.  Every  plantation  has 
its  own  system  of  grouping  the  pickers.  Some  work  them  in  gangs, 
and    others    assign    to    each    picker    a    definite    space.      Usually,    the 

picker  carries  a  basket,  and  as  it 
fills  he  or  she  empties  it  on  to  a 
cloth  spread  at  some  convenient 
spot.  Picking  demands  deftness 
of  hand  and  quickness  of  eye; 
the  ripened  tress  must  be  pulled 
cleanly  out  of  the  pod,  and  the 
unripe  fibres  passed  over.  Pick- 
ings mixed  with  unripe  wool  and 
leaves  and  dirt  are  certain  to  be 
condemned  by  the  overseer.  A 
skilful  picker  can  gather  200  lb. 


day 


in 


a    good    field ;     some 


Fig.  12. — Sections  of  Cotton  Boll 
A,  Cross  section,     b,  Vertical  section  along  line  shown  in  a 


gather  300  lb.,  but  others  may 
only  bring  in  100  lb.  Every  day 
the  pickers  go  into  the  fields, 
gathering  the  fibre  as  it  ripens.  At  the  close  of  each  day  the  picked 
cotton  is  gathered  into  the  store,  weighed,  and  each  picker  credited 
with  the  amount  broug-ht  in. 


NEGROES   PICKING   COTTON 

IN   THE   SOUTHERN    STATES   OF    NORTH    AMERICA 
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Mechanical    Picking. — There  are  many  difficulties   in   the  way  of 
the  inventor  of  a  mechanical    picker.     The   pods  do   not  all   ripen  at 


Fig.  13. — Lowry  Cotton  Picker  at  Work 

one  time,  and  they  grow  on  the  bush  at  irregular  angles  on  shoots 
varying  in  length.  Seeing  eyes  and  thinking  brains  are  needed  to 
direct  the  fingers  of  the  picker;  but 
it  occurred  to  G.  A.  Lowry,  an  Irish- 
man resident  in  Boston,  U.S.A.,  that 
he  might  endow  the  picker  with  me- 
chanical fingers,  power-driven.  His 
invention  is  a  four-sided  frame  (fig. 
13),  with  a  gasoline  engine  in  the 
centre;  at  each  corner  is  a  picker's 
seat,  from  beside  which  extend  a  pair 
of  arms.  The  arms  (fig.  14)  are  double 
rods,  with  winged  wheels  at  both  ends 
to  carry  round  endless  belts  of  hooks. 
The  picker  directs  the  arms  on  to  the 
pods,  and  the  hooks,  driven  round  at 
high  speed,  catch  into  the  cotton  and 
carry  it  off.  As  the  hooks  go  round, 
they  are  swept  clean  by  brushes  which 
send  the  fibre  into  the  mouths  of  the  pipes  conveying  the  cotton  into 


Fig.  14. — Arm  of  Lowry  Picker  in  Section 

A,  Revolving  chain  with  hooks  to  pick  oft  cotton 
bolls.  B,  Revolving  brush  to  clear  bolls  off  hooks. 
C,  Vacuum  pipe    carrying  bolls  to  bags. 
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the  large  bags  carried  by  the  machine.  Each  machine  carries  four 
pickers.  The  hand  picker  has  not,  however,  been  displaced,  nor  is  he 
likely  to  pass  away  for  a  long  time. 

Diseases  and  Pests. — Intensive  and  continuous  culture  of  plants 
always  multiplies  diseases  and  pests  destructive  of  the  plant  life. 
This  is  one  of  nature's  methods  for  checking  aggrandizement  in  the 
vegetable  world;  but  we  desire  the  cotton  plant  to  flourish  apart 
altogether  from  the  scheme  of  nature.  Under  natural  conditions  the 
accumulation  of  dead  plants,  the  continuous  growth  on  one  spot, 
and  the  consequent  exhaustion  of  the  soil,  spread  disease  and  afford 
pests  breeding  grounds  and  food.  Three  groups  of  diseases  attack 
the  cotton  plant:  i,  diseases  of  bolls — anthracnose  and  holl  shedding] 
2,  root  diseases — root  gall  and  root  rot;  3,  diseases  of  leaves  and  stems — 
anthracnose^  leaf  Mighty  mildew^  damping-off,  wilt,  mosaic,  red  rust, 
and  angular  leaf  spot.  For  this  formidable  list  of  evils  the  farmer  has 
one  effectual  remedy,  and  that  is  clean  cultivation.  The  insect  pests 
are  also  numerous,  but  the  boll  "weevil  is  worse  than  all  the  rest  put 
together.  It  breeds  in  the  boll,  and  the  young,  when  hatched,  devour 
the  seed.  The  other  insect  pests  are:  the  cotton  "worm,  the  cotton  holl 
njoorni,  the  aphis,  the  garden  web  worm,  and  the  square  borer.  Many 
specifics  for  destroying  these  insects  have  been  patented,  but  not 
one  has  done  more  than  palliate  the  evils.  Here,  again,  the  line 
of  resistance  is  indicated  by  nature.  By  burning  up  all  the  waste 
and  cleaning  out  every  scrap  of  refuse,  by  crop  rotation  and  the 
application  of  strong  fertilizers,  we  destroy  the  haunts  of  the  diseases 
and  pests,  render  their  propagation  impossible,  and  strengthen  the 
plants  against  the  attacks  of  disease. 

Ginning. — When  the  cotton  is  drawn  from  the  pod,  the  seeds  come 
with  it.  The  connection  between  seed  and  lint  is  very  strong,  and  the 
separation  of  the  two  is  difficult  but  absolutely  necessary.  Ginning  by 
hand  labour  is  tedious  and  costly.  One  of  the  earliest  of  mechanical 
contrivances  was  the  roller  gin,  or  churka,  of  India.  The  churka  con- 
sists of  two  rollers,  slightly  cone-shaped,  and  geared  in  opposition  the 
one  above  the  other,  driven  by  a  handle.  Fed  in  between  the  rollers, 
the  cotton  is  drawn  through  with  a  slight  traverse,  and  the  seeds  fall  on 
the  inner  side,  squeezed  back  by  the  rollers.  Ignorant  of  the  Indian 
gin,  the  planters  of  the  United  States  were  compelled  to  gin  by  hand 
till  Eli  Whitney  invented  the  saw  gin  in  1793.  Whitney's  contrivance 
was  conceived  on  a  principle  wholly  opposite  to  that  of  the  roller 
gin.     The  idea  was  to  drag  the  lint  by  means  of  hook-toothed  saws 
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through  a  grid  too  fine  to  let  the  seeds  pass.  Whitney's  gin  separated 
seeds  and  cotton,  but  it  also  did  serious  damage  to  the  fibre.  The  saw 
teeth  also  became  very  easily  clogged.  To  obviate  these  objections 
the  makers  of  the  Whitney  gin  rounded  the  teeth  on  the  saw  to  give 
the  pull  a  gentler  and  more  gradual  action,  and  set  brushes  over  the 

saws  to  clear  off  the  lint  from 
the  teeth  and  direct  it  into 
the  proper  receptacle.  Later 
the  brushes  were  placed 
below   the   saw,   and   a   fan 


Fig.  15. — Double-Roller  Cotton  Gin 
A,  Feed  hopper,     b,  Presser  roller,     c.  Weights  controlling  rollers,     d,  Crank  turning  feed.     E,  Ginned  cotton. 


placed  at  the  end;  the  brushes  take  off  the  lint  and  the  fan  blows  it 
back  into  the  compartment  called  the  lint  room.  By  the  use  of  the 
fan  the  cotton  is  freed  from  heavy  dirt,  stems,  and  leaves. 

Various  Ginning  Machines. — The  high  reward  so  evidently  await- 
ing the  inventor  of  a  perfect  ginning  machine  attracted  mechanical 
ingenuity,  and  many  forms  of  gin  have  been  devised.  Among  the 
best  known  are  the  Macarthy  double-roller,  the  knife-roller,  and  the 
lock-jaw  gins.  The  Macarthy  machine  (fig.  15)  consists  of  a  hopper, 
within  which  work  two  knives,  called  doctors,  against  two  spirally 
grooved   rollers  covered  with   leather  made  from   walrus  hide,   which 
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always    retains    its    rough    grain.     Ordinary    leather   quickly   becomes 
slippery.      As   the  cotton    comes  down    from    the   hopper,   the  rollers 


Fig.  i6. — Section  of  Ginning  Mill 

drag,  while  the  knives,  impelled  by  weights,  press  firmly  against  the 
rollers  and  keep  back  the  seeds.  The  cotton  is  drawn  through  and 
the  seeds  drop  down  into  the  box  below.  The  knife-roller  s^in  works 
on  a  different  principle.  As  the 
name  implies,  the  knives  are  fixed 
in  a  double  spiral  on  the  roller  in 
the    middle    of    the    machine,    and 


I      i 


.a^acD-a'CD     ^zd^d^o-cii^cz] 


CIN  HOUSE 


I         I 


n 


OPENER  HOUSE 


Fig.  17. — Plan  of  a  Ginning  Mill,  to  contain  one  seed-cotton  opener  and  twenty  gins. 

another  knife  crosses  in  front  of  it,  intervening  between  the  spiral 
roller  and  the  dragging  roller.  With  the  double  action,  the  seeds 
are  cleaned  from   the  cotton   as  it  is   being  drawn   down   by  the  lint 


COTTON    FIBRES.— Ill 

14,  Egyptian.  15,  Rangoon.  16,  Broach. 

17,  Scinde.  18,  Tinnevelly  19,  Oomras. 


(Xiio.     See  Scale  on  plate,  p.  106) 
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roller.  The  lock-Jaw  gin  adds  a  set  of  beaters  to  the  knife  and  rollers, 
the  beaters  driving  off  the  seeds  while  knife  and  roller  drag  down 
the  fibre. 

We  do  not  profess  to  be  wholly  satisfied  with  any  of  the  ginning 
machines;  the  fibres  are  both 
bruised  and  dirty  after  pass- 
ing through  the  best  gins  yet 
invented. 

The  Gin  House.  —  In 
former  times  each  planter 
ginned  his  own  crop;  but  the 
machine  gins  require  power, 
and  small  farmers  cannot 
afford  an  engine.    Gin  houses 


(figs.  i6  and  17)  are  now 
stationed  to  serve  a  district, 
and  thither  the  farmers  bring 
their  crops.  Attached  to 
most  gin  houses  are  the  bal- 
ing presses,  which  press  and 
pack  the  cotton  for  transport 
or  shipping.  The  cotton  is 
laid  out  for  a  time  to  dry,  and  then  it  is  put  into  the  baling  press, 
which  weighs  and  presses  at  one  time,  forming  the  bale  (fig.  18), 
which  is  covered  with  canvas  and  hooped  with  iron  —  400  lb.  of 
cotton,  more  or  less  mixed  with  rubbish,  ready  for  sending  to  the 
cotton  mills. 

Cost  of  Cotton. — According  to  the  authors  of  Cotton,  the  expense 


Fig.  18.— Cotton  Bales 


vatmg  an  acre  ot  cotton  is  as  tol 

l0"W 

^s. 



Ploughing 

|i-5S 

Harrowing 

•52 

Bedding  and  adding  fertilizers 

1.65 

Planting... 

Chopping  or  thinning 
Cultivation 
Seed 

Fertilizer             

Picking 

•44 
1-34 
3-75 

•35 
4^75 
4-55 

Ginning  ... 
Other  expenses 

1^35 

2.88 

Total        

(Taking  the  dollar  at 

4J. 

2( 

I) 
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Growth  and  Structure  of  the  Fibre. — Within  the  pod  the  seeds 
grow  and  develop  hair-like  filaments,  which,  penetrating  the  skin  in 
the  same  way  as  hair  does  on  animals,  grow  into  long  fibres  to  form 
the  downy  mass  necessary  for  protecting  the  seed  and  carrying  it  on  to 
some  spot  where  it  may  germinate.  These  fibres  are  tubes  containing 
the  matter  which  feeds  them  and  promotes  their  growth.  When  the 
plant  is  fully  ripe  the  juice  ceases  to  flow,  and  the  tube  collapses. 
Meanwhile  the  growing  fibres  have  burst  the  pod,  and  the  atmosphere 
assists  in  the  drying  up  of  the  liquid  in  the  tube.  Under  both  con- 
ditions the  tube,  having  no  support,  curls  round  on  itself,  and  forms 
into  a  spiral  ribbon  with  thick  edges.  Flanged,  spiral,  and  very  thin, 
these  fibres  are  in  an  ideal  condition  for  clinging  together,  catching  on 
lengthwise  by  numerous  grips;  they  are  therefore  fit  to  make  into  a 
continuous  and  slender  thread.  Consider  immature  and  defective 
fibres,  and  note  how  they  bear  out  the  argument.  Unripe  fibres  are 
full  of  sap,  and  when  the  pods  open  the  sap  is  evaporated;  but  the 
action  is  purely  mechanical,  and  the  tube  collapses  with  only  the  very 
least  twist,  forming  a  ribbon  with  flanged  sides.  Here  we  have  an 
explanation  of  the  difference  between  one  class  of  cotton  fibres  and 
another,  hitherto  mysterious.  Under  a  hot  sun,  and  lacking  moisture, 
the  fibres  dry  up  quickly  from  evaporation,  with  the  result  that  they 
crinkle  and  crackle,  acquiring  harshness  with  small  power  of  com- 
bination. Hence  Indian  cottons  are  short,  harsh,  and  dry.  Sea- 
islands,  on  the  other  hand,  matured  under  equable  conditions,  ripen 
perfectly,  and  give  a  fibre  closely  convoluted,  flexible,  and  long. 

Qualities  of  Cotton. — The  qualities  most  desired  in  cotton  fibres 
are:  i,  length  and  regularity  of  staple;  2,  fineness;  3,  lustre;  4,  soft- 
ness; 5,  strength;  6,  uniformity  of  colour;  7,  cleanness;  8,  closeness 
of  spirals. 
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CHAPTER    V 
Flax 

The  Flax  Plant. — The  flax  plant  belongs  to  the  natural  order 
Linacese,  a  family  of  herbs  and  shrubs  containing  about  ninety- 
different  species.  The  flax  genus,  Linum^  contains  several  species, 
but  the  only  one  of  interest  to  students  of  fibres  is  that  known  as 
common  flax,  and  scientifically  designated  Limivi  usitatissiniiim.  An 
annual,  originating  probably  in  central  Asia,  but  indigenous  to  Egypt, 
India,  and  the  south  of  Europe;  cultivable  as  far  north  as  Sweden;  the 
plant  has  been  brought  to  greatest  perfection  in  Belgium,  the  Nether- 
lands, and  on  the  southern  shores  of  the  Baltic.  Slender  and  erect  in 
stem,  branching  only  near  the  top,  with  leaves  small,  distant,  and 
lanceolate,  flowers  of  a  tender  blue,  fruiting  in  rough  brown  capsules 
containing  dark-brown  oval  seeds,  flax  comes  to  maturity  within  five 
or  six  months  of  sowing. 

Character  of  Flax. — The  fibre  is  taken  from  the  inner  bark,  or 
bast,  of  the  plant  stem  (fig.  19),  which,  after  being  subjected  to  cer- 
tain processes,  separates  into  long  threads.  These,  again,  are  made 
up  of  fine  filaments  naturally  woven  together.  Flax  is  a  true  textile 
fibre,  because  it  is  itself  a  textile.  Dividing  up  the  fibre  into  its  con- 
stituent filaments,  we  obtain  small  threads  measuring  about  i  in.  long 
and  .0006  in.  diameter.  The  filaments  are  wedge-shaped,  with  a 
crease  in  the  middle,  clinging  together  and  giving  to  the  fibre  an 
undulatory  form,  fine  flexibility,  and  tenacity. 

Under  the  microscope  the  fibre  reveals  a  hollow  channel  in  the 
centre,  and  grouped  round  it,  in  successive  linear  wedges,  the  fila- 
ments described.  Viewed  in  transverse  section  the  filaments  are  seen 
to  be  somewhat  hexagonal  in  shape,  thus  possessing  multiplied  powers 
of  combination.  Tested  with  iodine  and  sulphuric  acid,  the  fibres 
assume  a  transparent  blue  colour,  the  channel  in  the  centre  showing 
a  faint  yellow  line.  Here  we  find  an  explanation  of  the  bleaching 
capacity  of  linen.  The  fibre  bleaches  to  such  a  snowy  whiteness 
because  the  filaments  are  clear  and  pure. 

Chemical  analysis  shows  the  fibre  to  be  composed  as  follows: 
Organic  matters,  41.97  per  cent.;  water,  56.64  per  cent.;  ash,  1.39 
per  cent. 

Uses  of  Flax. — Flax  is  the  oldest  of  textile  fibres.  Linen  cloths 
have  been  discovered  in  the  lake  dwellings  of  the  unknown  aborigines 
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Jute  (top  row):   i,  Sirajganj.         2,  Desi.         3,  Karimganj. 
Flax:   i,  Courtrai.         2,  Dutch.         3,  Irish.         4,  Russian. 


(Xiio.     See  Scale  on  plate,  p,  106) 
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of  Europe,  where  no  trace  of  wool  can  be  found.     It  is  certainly  the 

most  lasting  of  fibres,  the  cerecloths  of  Egyptian   mummies   bearing 

indubitable     testimony    to 

the   fact.       For   roundness 

and  clearness  of  yarn  flax 

comes  nearest  to  silk;   it  is 

therefore    valued    by    lace 

makers  and  weavers  of  fine 

smooth     cloths,     such     as 

cambrics  and  dress  linens. 

For  damasks  and  all  forms 

of    table     linens,     sewing 

threads  and  yarns  of  carpet 

warps,  and  every  purpose 

demanding  tensile  strength 

and  durability,  flax  is  the 

best  of  fibres. 

Cultivation  of  Flax. — 
The  plant  is  cultivated 
both  for  seed  and  fibre. 
In  tropical  lands,  such  as 
India,  where  the  heat  of 
the  sun  and  the  dryness 
of  the  atmosphere  hinder 
the  growth  of  the  stem 
and  make  it  coarse  and 
dwarfish,  the  plant  is  pro- 
lific in  seeds  which  yield 
the  well-known  linseed 
oil  by  simple  expression. 
When  the  plants  are  culti- 
vated chiefly  for  seed,  the 
fibres  are  used  for  rope- 
making  and  other  rough 
purposes.  Those  who  cul- 
tivate    for    fibre,     on     the 

other  hand,  pay  little  attention  to  the  seeds,  excepting  selected  portions 
for  propagation,  and  often  pull  up  the  plants  before  the  seeds  have 
ripened,  lest  the  fibres  become  too  hard.  As  may  be  inferred,  the 
plant  is  grown  in  many  lands,  under  various  climates,  and  on  different 
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Fig.  19. — Flax  Plant 

I,  Stamens  and  pistil.     2,  Fruit.     3,  4,  Sections  of  stem. 
S,  Fibres  of  flax. 
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soils.     There  is,  however,  a  certain  uniformity  in  all  the  systems  of 
culture,  the  main  features  of  which  can  be  described. 

Soil. — Flax  is  proverbially  severe  on  the  land ;  for  that  reason  the 
culture  has  been  mostly  abandoned  in  Scotland  and  England,  where 
arable  land  is  of  high  value.  In  Ireland,  however,  a  considerable 
acreage  is  still  cropped  with  flax.  Alluvial  deposits  form  the  best 
soils.  Analysis  of  the  best  soils  shows  the  following  percentage 
composition : — 


Silica  and  sand    ... 
Oxide  of  iron 
Alumina 

Phosphate  of  iron 
Carbonate  of  lime 
Magnesia   ... 
Organic  matters  ... 
Water 


69.0 

5-4 
7.0 
0.2 
1-7 
0-3 
6.9 

9-2 
99-7 


The  land  should  be  as  flat  as  possible,  well  drained,  clean,  and  in 
good  condition.  Heavy  soil,  if  well  tilled,  gives  good  crops;  light 
soils  cannot  yield  strong  fibres,  though  some  light  soils,  assisted  by 
fertilizers,  produce  fibres  of  a  fine  quality,  lacking  somewhat  in  tensile 
strength. 

Tillage. — Judicious  growers  of  flax  adopt  a  seven-year  rotation  of 
crops:  First  year,  grass;  second  year,  oats;  third,  potatoes;  fourth, 
turnips;  fifth,  wheat;  sixth,  clover  or  beans;  seventh,  flax.  The  rota- 
tion may  be  changed,  and  the  flax  made  to  follow  potatoes  or  wheat; 
in  fact,  the  latter  is  generally  preferred  on  most  lands.  If  the  flax 
follows  wheat,  the  land  must  be  ploughed  deeply  in  the  autumn  to 
turn  over  the  stubble.  Early  in  the  spring  another  ploughing  should 
be  done,  and  just  before  sowing,  the  third  ploughing  is  given,  this  time 
very  shallow.     After  this  the  land  must  be  kept  clear  of  weeds. 

Sowing. — Before  sowing,  the  ground  is  harrowed  and  rolled.  For 
a  long  period  British  cultivators  depended  wholly  for  seed  on  foreign 
sources;  but  native  seed  is  now  considered  to  produce  the  best  results. 
Still  many  Irish  cultivators  sow  Dutch  seed  on  heavy  soils  and  Riga 
seed  on  lighter  soils.  The  best  time  for  sowing  in  Europe,  and 
specially  in  Ireland,  is  the  month  of  April.  Choosing  a  calm  day, 
the  farmer  sows  the  seed,  giving  about  2  bushels  to  the  acre  on  the 
average.  The  closer  the  plants  can  be  made  to  grow,  the  finer  the 
stems.     When  the  seed  is  in,  the  seed  harrow  is  employed  to  fix  it 
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well  in  the  soil,  and  then  the  land  is  rolled  as  level  as  possible,  so 
that  every  one  of  the  young  plants  may  get  an  equal  share  of  the  sun, 
air,  and  rain,  and  all  grow  up  an  equal  length. 

Fertilizing. —  The  use  of  artificial  manures  has  not  won  favour 
among  flax  cultivators;  but  the  fact  that  it  has  been  found  to  be  an 
exhausting  crop  surely  points  to  the  necessity  for  the  remedy  which 
artificial  manuring  offers.  Consisting,  as  it  does,  of  so  large  a  pro- 
portion of  organic  matters,  flax  would  seem  only  to  demand  a  judicious 
application  of  nitrate  and  phosphate  to  help  it.  A  successful  French  cul- 
tivator applied  i^  cwt.  of  nitrate  of  potash,  3  cwt.  of  superphosphate  of 
lime,  and  3  cwt.  of  gypsum  to  the  acre  of  his  land,  and  obtained  splendid 
results.  This  means  a  large  addition  to  the  cost  of  cultivating  flax; 
but  as  the  return  more  than  compensates  for  the  extra  expense,  the  idea 
is  worth  some  consideration.  One  notable  fact  may  be  mentioned  in 
this  connection.  When  the  disease  known  as  firing  attacked  the  flax 
of  a  large  district,  it  was  found  that  a  liberal  application  of  potash 
eradicated  the  evil. 

Weeding. — No  matter  how  clean  the  land  may  be  at  the  start  of  the 
season,  weeds  quickly  begin  to  assert  themselves  and  compete  for  life 
with  the  young  flax.  To  root  out  the  weeds  without  doing  injury  to 
the  flax  is  no  easy  matter.  The  best  method  is  to  choose  a  dry,  windy 
day,  as  soon  after  rain  as  possible,  and  weed  against  the  wind.  The 
weeders  have  knee  pads  and  press  down  the  flax  plants  straight  as  they 
go  from  row  to  row,  picking  out  the  weeds.  When  the  weeding  is 
done,  the  wind  helps  the  plants  to  recover  an  upright  position. 

Reaping. — Soon  after  the  blue  flowers  have  faded,  and  the  rough 
bolls  begin  to  appear,  the  flax  farmer  must  keep  a  careful  watch  on 
his  crop.  The  leaves  drop  from  the  lower  half  of  the  stems,  and  a 
yellowish  colour  slowly  creeps  up  the  stalks.  When  the  colour  is  a 
little  more  than  halfway  up  the  stalk,  and  the  pods  are  beginning  to 
brown,  the  work  of  harvesting  should  be  commenced.  Careful  judg- 
ment is  required  for  selection  of  the  best  moment  of  harvesting.  If  too 
soon,  the  fibre  will  be  soft  and  tender;  if  too  late,  it  will  be  hard  and 
woody.  Dry  weather  is  needed  for  harvesting.  Flax  is  never  cut; 
it  is  pulled  by  hand.  If  the  stalks  are  not  of  fairly  uniform  length,  the 
pulling  should  be  done  twice.  In  the  first  pulling  the  long  stalks  are 
gripped  by  the  pullers  just  under  the  bolls  and  jerked  out,  leaving  the 
short  stems,  which  are  pulled  afterwards.  As  far  as  possible,  stems  of 
one  length  are  kept  together  and  laid  out  on  the  field  in  handfuls,  each 
handful  being  crossed  to  keep  it  separate  from  its  neighbour. 
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Rippling. — The  flax  is  pulled  with  the  seed  pods,  and  the  next  step 
is  to  remove  them  by  the  process  called  rippling.  A  ripple  is  a  large 
comb  of  iron  teeth  fixed  in  a  slab  of  wood;  the  teeth,  i8  in.  long,  taper 
to  points,  and  they  are  set  in  slant,  the  space  between  them  widening 
to  the  top.  Usually  a  stout  plank,  9  ft.  long,  is  placed  on  two  stools, 
and  the  comb  bolted  in  the  middle.  Under  the  plank  a  sheet  is  spread 
to  receive  the  rippled  seeds.  A  workman  takes  his  place  astride  the 
plank  at  one  side,  and  his  neighbour  takes  the  other  side.  Children 
bring  the  handfuls  of  the  stems  from  the  reapers  and  pile  them  at  the 
right  side  of  the  ripplers.  Now  the  rippler  seizes  a  bunch  of  freshly 
pulled  flax  about  6  in.  from  the  root  with  the  one  hand,  and  with  the 
other  spreads  out  the  tops  like  a  fan.  He  draws  it  firmly  and  evenly 
through  the  teeth  of  the  ripple,  then  lays  it  down  by  his  left  side.  While 
the  one  man  is  laying  down  the  rippled  handful,  the  other  takes  his 
turn  at  the  ripple  and  cleans  another  handful  of  flax  from  seed.  Thus 
the  whole  crop,  except  that  which  is  reserved  for  seeding,  is  rippled. 
Severe  rippling  is  not  advisable;  it  is  better  to  leave  a  few  seeds  on 
than  to  risk  spoiling  the  tender  fibres  on  the  tops  of  the  stems. 

Some  ingenious  machines  are  used  on  the  Continent  for  rippling, 
but  the  demand  for  machinery  in  this  industry  does  not  seem  to  be 
imperative.  One  machine  is  framed  on  the  roller-mill  principle,  the 
beets,  or  bunches  of  fibres,  passing  in  between  two  rollers,  which  break 
away  the  seeds  from  the  stems.  The  latest  invention  resembles  a 
threshing  mill.  An  endless  chain  feeds  the  fibres  under  a  set  of  beaters 
which  come  down  regularly  on  the  tops  and  beat  off  the  seeds.  Both 
types  of  machine  are  easily  worked  and  clean  the  stems  very  quickly. 

Retting. — On  the  outside  of  the  bast  fibre  is  the  bark,  and  inside 
the  woody  stalk  or  boon.  To  separate  the  fibre  from  these  is  the  most 
difficult  task  of  the  flax  farmer.  The  separation  is  effected  by  a  process 
of  fermentation,  named  retting^  the  object  of  which  is  to  dissolve  the 
gummy  matter  holding  the  parts  together.  Four  methods  of  retting 
are  adopted:  First,  dew  retting-,  second,  S7io'w  retting \  third,  ivater 
retting',  fourth,  steam  or  factory  retting.  The  first  two  methods  are 
practised  in  Russia  and  the  north  of  Europe,  and  hardly  come  within 
our  view;  the  third  method  is  the  one  which  is  generally  followed  in 
the  leading  flax-producing  districts  in  Ireland  and  on  the  Continent; 
the  fourth  method  is  mostly  adopted  in  America. 

Water  Retting.  —  For  water  retting  we  require  a  supply  of  soft 
water  and  a  few  water  pits  situated,  if  possible,  in  an  open,  sunny 
place."    Iron  in  the  steeping  water  discolours  the  fibres,  though  slight 
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traces  do  little  harm;  but  lime  is  wholly  to  be  avoided.  Water  from 
chalk  deposits  is  harmful  to  flax.  Some  farmers  make  a  series  of 
small  pools  in  any  stream  which  may  be  near;  but  the  practice  is 
harmful  and  wrong.  The  water  from  the  retting  flax  is  good  manure, 
and  poisonous  pollution  in  the  stream;  that  is  to  say,  the  farmer  loses 
money  and  at  the  same  time  inflicts  harm  on  his  neighbours.  The 
pools  may  be  filled  from  the  stream ;  but  when  filled,  all  outlets  should 
be  closed.  The  size  of  pool  most  convenient  to  work  is  about  9  ft. 
square  and  from  3  to  4  ft.  deep.  Cut  out  of  stiff  clay,  or  given  a  clay 
bottom,  to  retain  the  water,  the  pools  are  filled.  Then  the  flax  is  laid, 
handful  by  handful,  root  end  downwards,  sloping  to  the  sides,  till  the 
space  is  fully  occupied  by  the  rows  standing  loosely  together.  A  layer 
of  rushes  is  put  over  the  top,  and  above  this  a  roofing  of  sods  or  straw 
thatch  to  keep  out  the  air;  then  the  whole  is  held  down  with  stones. 

We  need  to  understand  what  is  happening  in  the  retting  pits.  The 
chemistry  of  the  operation  may  be  left  out,  because  the  farmer  too 
frequently  has  no  time  for  that  study;  but  he  should  know  the  practical 
facts.  Vegetable  matter,  placed  in  water  with  an  insufficient  supply 
of  oxygen,  sets  up  fermentation;  the  coarser,  softer  the  grain  of  the 
vegetable,  the  sooner  will  it  ferment.  As  the  fibre  is  the  finest  part 
of  the  stem,  the  wood  and  bark  ferment  first;  but  if  the  fermentation 
is  continued,  the  fibre  will  be  attacked.  Retting  gives  the  farmer  an 
anxious  time,  because  weather  conditions  so  strongly  affect  the  rate 
of  fermentation  as  to  render  the  process  incalculable.  Practical  testing 
is  the  only  sure  way  of  learning  when  the  process  has  gone  far  enough. 
Selecting  a  coarse  and  a  fine  stem,  the  cultivator  clears  them  of  "glit" 
with  finger  and  thumb,  and  breaks  both  at  the  middle  and  near  the 
top.  If  the  woody  boon  parts  from  the  fibre  of  both  at  the  middle, 
and  clings  slightly  to  the  crest  of  the  fine  stem,  the  retting  should 
be  stopped. 

Steam  Retting. — On  the  face  of  it  there  seems  no  reason  why 
retting  should  not  be  a  scientific  indoor  process,  independent  of 
weather  conditions;  but  the  factory  method  has  not  met  with  much 
favour  on  this  side  of  the  Atlantic.  The  flax  farmers  of  the  United 
States  have  adopted  the  method  as  a  means  of  quickening  the  whole 
process.  After  the  flax  has  been  rippled  it  is  sent  through  a 
breaker^  which  with  its  fluted  rollers  splits  open,  without  breaking, 
the  stems.  In  this  condition  the  stems  are  laid  in  shallow  iron  vats, 
along  the  bottoms  of  which  perforated  steam  pipes  are  coiled.  Steam 
is  blown  into  the  closed  vats,  the  heat  and  vapour  causing  fermentation 
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to  come  on   rapidly.     Other  methods,  differing  in   detail  but  similar 
in  principle,  are  practised. 

Grassing. — The  stems  having  been  sufficiently  retted,  the  coverings 
of  the  pits  are  removed  and  the  handfuls  of  flax  lifted  out  and  laid 
in  a  sloping  position  to  drain  for  a  few  hours.  This  done,  the  bundles 
are  removed  to  the  grassing  field.  The  best  field  for  grassing  is 
covered  with  a  short  turf,  free  from  tall  stalks.  Here  the  layers  put 
down  the  handfuls  of  stems  at  intervals  in  rows,  and  the  spreaders 
follow  to  extend  them  in  thin  layers.  As  the  stems  dry,  the  boon 
and  the  fibres  become  hard  and  united  for  a  day;   but  in  another  day 

or  two  the  woody  boon  bends  and 
the  fibre  contracts,  the  two  assum- 
ing a  resemblance  to  a  bow  and 
its  string. 

Weather  conditions  naturally 
affect  procedure  in  this  operation. 
If  rain  and  wind  prevail,  grassing 
must  be  abandoned  and  stacking 
resorted  to.  The  stems  are  tied 
toerether  in  bundles  and  stacked  in 
groups,  the  roots  set  apart  on  the 
ground,  and  the  heads  inclined  to 
a  common  centre.  If  the  weather 
is  wild,  it  is  advisable  to  put  a  rope  round  the  tops  to  prevent  the 
wind  from  gripping  them. 

Breaking. — Though  the  connection  between  the  woody  boon  and 
the  fibre  has  been  greatly  loosened,  there  is  a  good  deal  to  do  before  we 
can  say  that  the  separation  is  complete.  First,  we  have  to  find  means 
of  crushing  the  boon  without  injuring  the  fibre.  Striking  the  bundles 
with  a  flat  wooden  mallet  is  accounted  the  gentlest  and  most  effective 
way;  but  it  is  slow.  Breaking  machines  (fig.  20)  have  been  invented, 
the  main  features  of  the  efficient  ones  being  fluted  rollers  with  recipro- 
cating motion.  The  stems  are  fed  in  between  the  rollers,  which  revolve 
almost  close  to  each  other  in  a  swinging  style,  the  gradual  pressure 
breaking  the  wood  of  the  stems  while  preserving  the  fibre  intact. 
These  machines  are  made  in  many  sizes  by  various  engineers,  and 
each  maker  has  his  own  small  specialty. 

Scutching. — As  it  comes  from  the  breaker,  the  fibre  is  covered 
with  adhering  woody  matter,  and  our  next  business  is  to  free  it  from 
the  excrescences.     The  operation  is  called  scutching.     If  done  by  hand, 


Fig.  20. — Flax-Breaker 
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the  sheaf  of  fibres  is  hung  up  so  as  to  leave  the  end  hanging  free, 
and  with  a  scutching  knife  the  workman  strikes  it  rapidly,  sending 
off  the  woody  fibres.     Hand  scutching  has  almost  wholly  given  place 


Fig.  21. — Scutching  Mill 

A,  Breaker,  from  which  the  flax  is  carried  to  the  table  or  counter  b,  hinged  in  places  to  admit  of  access  to 
the  benches,     c,  D,  D,  are  the  wiper  wheels  with  their  wooden  blades. 

to   mill   scutching,   and    machine  scutching  is  quickly  coming  up  to 

take  first  place.     It  must  be  said,  however,  that  the  highest  class  of 

flax    is    best    treated    by   hand,    the   skilled   workman    being  able    to 

accommodate  his  strokes  to  the 

condition  of  the   straw.      The 

processes  which  have  become 

industrial,   and  most  likely  to 

be  of  practical  interest  in  the 

future,   are   those   of  the    mill 

and  the  machine. 

Mill  Scutching. — A  scutch- 
ing mill  (fig.  21)  is  a  long 
room  fitted  up  with  benches 
and  scutching  tools.  Usually 
the  benches  are  small  com- 
partments with  an  opening  in 
each,  from  the  bottom  of  which 
projects  an  iron  rail.  Parallel 
with  the  row  of  benches  a  shaft 
is  hung,  and  driven  by  power 
from  the  engine.  On  the  shaft,  exactly  opposite  each  bench  division, 
is  a  wiper  wheel  (fig.  22),  carrying  on  its  rim  five  strong  wooden  blades. 
The  scutcher  takes  his  stand  at  his  bench ;  he  lifts  a  bunch  of  stems 
and  lays  the  top  on  the  iron  rail;  the  blades  flying  round  strike  on  the 


Fig.  22. — Wiper  Wheel 
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fibres;  he  pushes  the  bunch  farther  and  farther  in,  as  the  fibres  become 
more  flexible  and  clean  under  the  beaters,  until  over  half  the  length 
of  the  stems  has  been  scutched;  then  he  turns  the  root  end  in,  and 
repeats  the  process.  The  fibre  has  been  roughly  scutched;  to  make 
the  process  complete,  every  alternate  scutcher  is  provided  with  a  wiper 
wheel  which  runs  closer  and  therefore  performs  finer  work.  The  rough 
scutcher  passes  the  bunch  of  fibres  on  to  his  neighbour,  who  gives  the 
fibres  a  finer  clean. 

Machine  Scutching. — In  our  progress  towards  an  automatic  machine 
industry  we  are  constantly  adding  to  our  mechanical  equipment.     The 


Fig.  23. — Scutching  Machine 

A,  Cylinder.  B,  Wooden  blades,  sharpened  at  the  forward  edge,  c,  and  carrying  metallic  scrapers  shaped 
like  finger-nails,  d,  and  projecting  metallic  plates,  e.  f,  Casing.  G,  Face-boards,  inside  each  of  which  is  a 
sheet-iron  adjustable  spring-plate  H. 

scutching  mill  relieved  the  arm  of  the  hand  scutcher,  but  left  him  with 
the  duty  of  spreading  out  the  fibres  and  other  details ;  the  scutching 
machine  (fig.  23)  spreads  out  the  fibres  mechanically  and  draws  out 
the  loose  ones.  Within  a  sheet-iron  cover,  with  openings  at  front  and 
back,  works  a  large  revolving  drum.  On  the  side  of  the  drum,  parallel 
with  its  axis,  strong,  flexible  wooden  blades  are  fixed,  so  as  to  project 
in  the  direction  of  the  revolution  of  the  drum.  On  the  top  of  each 
blade  is  fixed  a  row  of  metallic  blades  shaped  like  finger  nails;  behind 
these,  again,  projects  a  strong  blade  of  metal.  When  the  stems  are 
fed  in  at  the  first  opening  in  the  cover,  the  blades  on  the  cylinder 
come  round  and  strike  the  fibres  with  a  drawing  stroke;  the  finger 
tips  follow  with  an  opening-out  movement,  the  blades  behind  helping; 
then  another  scutching  blade  comes  round  and  gives  the  fibres  another 
stroke.     Thus  the  scutcher  feeds  the  fibres  to  the  machine,  till  one  end 
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has  been  done  sufficiently  well ;  then  he  reverses  the  stems  and  repeats 
the  action.  Like  the  mill  scutcher,  the  machine  scutchers  work  in  pairs. 
The  roughly  scutched  flax  is  handed  on  to  the  fine  scutcher,  who  does 
his  work  upon  it.  Behind  each  machine  a  fan  works  and  carries  away 
the  dust  and  refuse  into  a  flue  running  to  the  outside  of  the  building. 

Codilla, — The  waste  from  the  scutchers  is  known  on  the  market  as 
cod  ilia,  to  distinguish  it  from  the  tow  which  is  the  waste  of  the  hacklers. 
Full  of  dust  and  mixed  with  woody  fragments,  codilla  is  passed  through 
a  kind  of  willowing  or  shaking  machine,  the  fibres  being  driven  hard 
against  a  perforated  grid,  and  the  rubbish  beaten  out.  Thus  cleaned, 
the  short  fibres  are  made  up  into  14-Ib.  parcels  for  sale  to  the  makers  of 
ropes,  twines,  nets,  and  coarse  linens  and  canvas. 

Baling. — After  scutching,  the  flax  is  parted  into  various  qualities, 
the  longest  and  finest  fibres  being  classed  first,  and  each  grade  follow- 
ing in  order.  The  grades  are  then  parcelled  in  bales  weighing  14  lb. 
each,  and  sent  to  market  in  that  form. 

Sources  of  Flax  Supply. — Except  in  Ireland,  little  or  no  flax  is 
grown  in  the  British  Isles.  About  the  middle  of  the  seventeenth 
century  flax  was  a  common  crop  on  both  English  and  Scottish  farms, 
but  it  is  questionable  if  i  per  cent  of  the  present  agricultural  population 
of  the  two  kingdoms  have  seen  the  plant  or  would  know  how  to  culti- 
vate it.  The  causes  of  the  decline  are  purely  economic,  and  economic 
changes  might  as  readily  reverse  the  present  state  of  affairs.  In  climate 
and  soil  Ireland  is  very  well  suited  for  flax  growing;  but  even  there 
the  acreage  has  steadily  declined.  The  acreage  under  flax,  in  1864, 
was  301,693;  in  1874,  106,885  acres;  in  1894,  92,000  ;  in  1904,  120,000. 
Notwithstanding  the  slight  recovery  lately  shown,  we  are  mostly 
dependent  on  foreign  countries  for  flax. 

Flax  in  Russia. — A  wide  variety  of  flax  is  grown  in  Russia,  the 
areas  of  cultivation  being  far  scattered.  Riga  and  Archangel  are 
the  chief  ports;  the  highest  qualities  are  exported  through  the  former, 
being  drawn  from  Livonia  and  Pskov.  In  all,  Russia  produces  about 
500,000  tons,  which  is  largely  exported.  The  culture  is  very  primitive, 
and  even  the  best  of  Russian  flax  fibres  are  coarse. 

Flax  in  Germany. — The  provinces  of  East  Prussia,  Saxony,  Han- 
over, and  Westphalia  are  the  chief  areas  of  flax  culture  in  Germany. 
On  the  average  Germany  produces  nearly  60,000  tons. 

Flax  in  Austria. — Flax  is  grown  largely  in  Bohemia  and  Moravia; 
the  other  parts  of  Austria  contribute  small  quantities.  The  acreage  is 
200,000  acres,   producing  about  40,000  tons. 
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Flax  in  Italy. — Flax  is  grown  to  a  considerable  extent  on  the 
plains  of  Lombardy.  Piedmont  and  Tuscany  also  contribute  large 
amounts;  but  the  culture  is  general  over  the  land.  The  yield  per 
acre  is  very  small.  From  over  200,000  acres  little  more  than  22,000 
tons  of  fibre  are  obtained. 

Flax  in  France. — On  the  average,  French  culture  produces  the 
highest  percentage  of  fibre,  and  the  quality  ranks  fairly  well.  The 
average  produce  per  acre  is  about  36  stones  of  flax.  France  annually 
grows  about  40,000  tons  of  the  fibre. 

Flax  in  Belgium. — The  finest  qualities  of  flax  are  grown  in  Belgium, 
chiefly  in  the  Courtrai  district.  All  through  Hainault  and  Brabant 
flax  farming  is  a  family  industry,  carried  on  by  small  farmers  with 
the  aid  of  their  families.  In  consequence  the  fibre  is  brought  to  fine 
perfection. 

Minor  Producers  of  Flax. — Among  the  countries  producing  less 
than  10,000  tons  annually  the  following  may  be  mentioned:  Holland, 
Sweden,  Hungary,  Denmark,  Egypt. 


CHAPTER   VI 
Hemp   and   Jute 


Hemp  Fibres  and  Plants.  —  Cannabis  sativa^  or  common  hemp, 
stands  alone  in  the  vegetable  world,  the  only  species  of  its  genus, 
most  probably  owing  its  preservation  to  the  uses  mankind  discovered 
for  its  fibre.  The  name  hemp,  which  belongs  strictly  only  to  Cannabis 
sativa,  has  been  extended,  with  qualifying  additions,  to  other  plants 
diverse  in  origin,  habit,  and  general  character,  because  from  them 
we  derive  fibres  closely  resembling  in  use  and  quality  those  found 
in  the  bast  of  common  hemp.  Sisal  hemp  is  an  agave,  with  fleshy 
leaves;  Manila  hemp  is  a  wild  plantain;  Sunn  hemp  is  a  legume; 
and  all  the  other  hemps  are  almost  equally  various  in  character.  In 
this  instance  textile  workers  have  created  a  class  of  plants  for  reasons 
of  their  own,  chiefly  because  a  fibre  of  the  hemp  kind  can  be  obtained 
from  the  plants  so  classified. 

Common  Hemp. — A  native  of  western  Asia,  the  common  hemp 
plant  (fig.  24)  will  grow  almost  anywhere.  Severe  frost  kills  it  when 
young,  but  in  cold  countries  the  plant  reaches  maturity  in  a  shorter 
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I,  Russian  Hemp.         2,  Green  Italian  Hemp.         3,  Manila  Hemp, 
4,  New  Zealand  Hemp.  5,  Sisal  Hemp.  6,  Ramie, 
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period.  Male  and  female  flowers  grow  on  different  plants,  the  former 
in  axillary  racemes  on  the  upper  part  of  the  stem,  the  latter  cluster- 
ing in  short  spikes.  The  female  plants  are  larger  than  the  males, 
and  in  both  the  stems  are  fistulose  in  the  centre,  or  filled  with  a 
soft  cellular  tissue,  hardening  to  woody  consistency  on  the  outer 
rings,  the  whole  covered  with  the  bast  fibre  contained  within  a  bark. 
Like  flax,  hemp  is  cul- 
tivated both  for  fibre  'Mf'M^^^ 
and  seed,  the  latter 
being  very  abundant 
in  tropical  countries. 
Natives  of  the  East 
prize  the  hemp  seed 
for  its  narcotic  and  in- 
toxicating properties. 

Cultivation. — Hemp 
cultivation  is  carried 
on  in  many  regions;  in 
Japan,  China,  India,  on 
the  Himalaya  higher 
slopes,  in  Siberia, 
round  the  shores  of  the 
Caspian,  in  southern 
and  central  Russia,  in 
France,  Spain,  Ger- 
many, Italy,  and  Hun- 
gary. It  grows  in 
Africa,  north,  south, 
and  central ;  it  has  been 
planted  with  success 
in  Canada,  the  United  States,   Brazil,  Australia,  and  elsewhere. 

Soil. — Hemp  grows  best  on  a  rich,  moist  soil,  and  flourishes  on 
the  fenny  lands  of  Lincolnshire,  the  marsh  lands  of  Holland,  and 
best  of  all  on  the  rich  loam  of  the  Romagna  of  Italy.  But,  except 
the  cold  clay  lands,  any  soil  will  produce  a  fair  crop  of  hemp  if 
well  cultivated  and  supplied  with  rough  manure. 

Tillage. — As  the  plant  requires  deep  root,  the  land  must  be  well 
ploughed,  drained,  harrowed,  and  rolled  before  sowing.  A  change 
of  seed  is  often  advisable,  foreign  varieties  being  used  in  place  of 
native.      For  textile  fibres  the  seed  should   be  closely  sown   in   May 


Fig.  24. — Hemp  Plant 
I,  Male  plant.    2,  Female  spike.    3,  Male  flower.    4,  Female  flower.   5,  Fruit. 
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or  June  by  the  European  cultivator.  As  soon  as  the  young  plants 
show  above  ground,  thorough  weeding  should  be  done.  Under  favour- 
able conditions  the  plants  outgrow  the  weeds  after  the  early  period. 

Harvesting". — Most  cultivators  reap  the  male  plants  first,  because 
the  fibre  is  tougher  and  finer  than  that  of  the  female.  About  three 
months  after  sowing,  the  male  plants,  having  shed  their  pollen,  are 
ready  for  pulling;  the  females  take  other  three  or  four  weeks  to 
ripen.  In  reaping  the  one  kind  of  plant,  care  must  be  taken  not  to 
injure  the  other.  The  stems  are  pulled  straight  up  by  the  root  and 
stripped  of  leaves  and  flowers  on  the  spot.  Care  expended  in  reaping 
is  well  rewarded,  the  cultivator  obtaining  large  quantities  of  good, 
regular  fibre  at  each  reaping. 

Securing  the  Fibre. — The  processes  by  which  the  hemp  fibre  is 
separated  from  the  woody  boon  and  the  outer  cuticle  are  in  every 
way  similar  to  those  adopted  by  the  flax  cultivator.  Stacked  to  dry, 
the  stems  are  retted,  grassed,  passed  through  the  breaker,  and 
scutched.  Because  a  larger,  coarser  fibre  than  flax,  the  treatment 
of  hemp  is  rather  more  severe,  and  certain  practical  details  of  a 
special  nature  must  be  observed;  but  as  these  vary  with  season  and 
climate,   it  would  be  misleading  to  give  instances. 

Nature  of  the  Fibre. — Like  most  of  the  bast-fibre  plants,  hemp 
grows  a  good  length  of  fibre.  The  stem  consists  of  three  layers,  the 
epidermis  or  outer  bark,  the  bast  fibre,  and  the  boon  or  woody  core. 
In  reality  the  three  layers  are  nothing  more  than  different  forms  of 
the  same  material  in  different  stages  of  growth.  This  can  be  clearly 
seen  if  we  put  a  transverse  section  of  the  stem  under  the  microscope. 
The  cells  gradually  lengthen,  thicken  their  cell  walls,  and  enlarge 
from  the  woody  core  to  the  bast,  and  then  suddenly  become  closer 
and  harder  in  the  epidermis.  Selecting  the  bast  section  for  closer 
examination,  we  see  that  it  may  be  divided  into  two  parts,  the  outer 
one  highly  developed,  firm,  and  fine,  the  inner  one  softer  and  nearer 
to  the  constitution  of  the  core.  As  the  cells  come  out  to  the  edge  of 
the  bast,  their  walls  thicken  and  the  internal  cavity  is  small  and 
narrow;  nearer  to  the  core,  the  opposite  appears. 

Longitudinally,  the  cells  are  about  i  in.  long,  striated,  and  varying 
in  density  and  thickness.  In  combination  the  cells  form  a  strong,  hard 
fibre,  of  fair  spinning  quality.  The  structure  of  the  fibre,  however, 
shows  that  those  who  hope  to  place  hemp  among  the  higher  textile 
fibres  are  mistaken;  hemp  can  no  more  compete  with  cotton  than  a 
dray  horse  could  run  with  a  thoroughbred  racehorse. 
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Manila  Hemp. — A  wild  plantain  or  banana,  native  of  the  Philippine 
Islands,  the  plant  (fig-.  25)  from  which  the  rope  fibre,  Manila  hemp, 
is  derived,  has  a  palm-like  appearance,  the  great,  broad  leaves  rising 
from  the  centre,  the  stalks,  which  are  decurrent,  forming  the  stem. 
The  position  of  this  plant  and  its  fibre  is  rather  peculiar.  It  is  said 
that  the  plant  will  grow  nowhere  except  in  special  districts  of  the 
Philippines;  in  these  districts,  notwithstanding  that  the  value  of  the 
fibre  has  risen  enor- 
mously, the  area  of 
culture  remains  almost 
stationary,  the  acreage 
having  been  about 
250,000  acres  for  many 
years.  The  fibre  prac- 
tically rules  the  market 
for  rope  fibres.  These 
facts  constitute  a  prob- 
lem which  should  be 
thoroughly  investi- 

gated and,  if  possible, 
solved. 

Growing  the  Plant. 
— Loving  warmth  and 
shade,  the  plant  grows 
best  in  the  open  glades 
of  dense  forests  or 
under  the  shadow  of 
high  hills.  The  space 
having  been  selected, 
the  cultivator  plants 
suckers  about  8  ft. 
apart,  and  then  watches  that  the  weeds  do  not  get  the  better  of  the 
youhg  shrubs.  In  the  second  year  the  plants  can  very  well  take  care 
of  themselves.  No  fibre  of  any  value  is  produced  till  the  fourth  year 
after  planting,  and  even  then  one  stalk  is  the  most  we  can  safely  take 
from  the  plant.  In  the  years  following,  however,  the  growth  is  rapid, 
plantations  of  mature  shrubs  yielding  30  cwt.  of  fibre  per  acre  annually. 
Little  culture  is  needed ;  the  soil  and  the  climate  do  the  work. 

Extracting  the  Fibre. — When  the  plant  begins  to  flower,  then  is 
the  best  time  to  cut  for  fibre.     The  stalks  are  cut  off  at  the  root  and 


Fig.  25. — Manila  Hemp  {Mttsa  textilis) 
I,  Flower.     2,  Fruit. 
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the  leaves  stripped  off.  It  is  in  the  petiole  or  stalk  of  the  large  leaf 
that  the  fibre  is  found.  The  stalk  is  typically  vegetable  in  form, 
being  built  up  of  successive  layers  or  rounds  of  growth,  the  harder 
to  the  outside.  Under  the  skin  lie  the  coarser  fibres,  known  to  Euro- 
peans as  Manila  hemp,  but  called  handala  by  the  natives.  Graduating 
in  fineness  towards   the   centre,  the  inmost   layers   yield   the  delicate 

fibres  which  the  Philip- 
pine Islanders  make 
into  cloth. 

As  soon  as  the 
stalks  are  cut,  they  are 
subdivided  into  work- 
able portions,  about  3 
in.  broad  and  5  to  9  ft. 
long,  and  scraped. 
Scraping  is  done  by 
drawing  the  strips  by 
hand  under  a  knife,  6 
in.  long  by  3  in.  broad, 
fastened  to  one  end  of 
a  flexible  stick  sus- 
pended over  a  wooden 
block,  the  stick  being 
connected  with  a  treadle 
by  which  the  pressure 
of  the  knife  is  regu- 
lated. Drawn  under 
the  knife  three  or  four 
times,  the  stalks  are 
cleared  of  pulp  and 
then  hung  up  to  dry.  Having  been  thoroughly  dried,  the  fibres  are 
sorted  into  various  qualities,  generally  five,  viz.:  i,  binani;  2,  totogna; 
3,  sogotan\  4,  cadaclan\  5,  bandala.  The  two  last  are  exported  as  rope 
fibres  to  this  country. 

Structure  of  Fibre. — Examination  of  the  rope  fibre  enables  us 
to  estimate  approximately  the  textile  value  of  the  finer  qualities 
of  Manila  hemp.  Though  coarse,  the  formation  of  the  structure  fits  in 
with  textile  requirements.  Flanged  on  the  edges,  with  nodes  at  short 
Intervals  crossing  the  breadth,  the  fibres  are  composed  of  small  fila- 
ments, hollow  and  with  strong  walls  which  taper,  rendering  the  body 


Fig.  26. — Sisal  Plant  (Agave  sisalana) 
I,  Pole  plant  growing  from  stem.     2,  Flower.     3,  Leaf.     4,  5,  Sections  of  leaf. 
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light  and  flexible.  Such  a  structure  on  a  fine  scale  must  constitute 
a  very  good  textile  fibre. 

Uses  and  Value  of  Manila  Hemp. — Because  it  combines  lightness 
with  strength,  this  fibre  is  much  favoured  by  cable  makers  and  rope 
manufacturers  generally.  Demands  for  the  fibre  come  from  all 
countries,  and  the  price  is  high  in  consequence.  Good  fibre  com- 
mands ;[^6o  per  ton  on  the  London  market. 

Sisal  Hemp. — Inferior  in  some  respects  to  the  Manila  fibre,  sisal 


Fig.  27. — Decorticator  of  Sisal.     (Ernest  Lehmann,  Manchester) 


hemp  is  very  useful  to  the  rope  spinner  and  twine  maker;  a  large  per- 
centage of  American  binder  twine  is  made  from  it.  A  species  of  agave, 
the  plant  (fig.  26)  is  cultivated  in  Yucatan,  Mexico,  Honduras,  Central 
America,  Florida,  and  Australia.  It  grows  well  on  dry,  stony  soil, 
where  few  plants  can  find  sustenance.  Yucatan  is  the  centre  of  sisal 
hemp  culture.  There  the  plants  are  set  out  in  rows  about  12  ft. 
apart  and  kept  free  from  weeds  till  of  sufficient  strength  to  fight  for 
themselves.  When  the  leaves  are  about  4  ft.  long  they  are  cut  for 
fibre.  As  the  plant  grows  slowly,  this  takes  three  or  four  years;  but 
the  leaves  are  quickly  replaced,  and  the  plant  lasts  another  period  of 
ten  years.     An  acre  of  full-grown  plants  yields  i  ton  of  fibre  annually. 
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Scraping". — Contained  within  the  leaves,  the  fibre  can  only  be  got 
by  removing  the  outer  coating  and  the  pulp.  For  accomplishing  this 
end  the  natives  use  a  wooden  knife  which  they  press  down  on  a  hard 
board  as  the  leaves  are  drawn  between;  but  the  makers  of  binder  twine 
in  the  United  States,  the  chief  users  of  the  fibre,  have  taken  the  matter 
into  their  own  hands  and  sent  machinery  for  the  scraping  of  the  leaves. 
One  of  the  latest  of  these  machines  (fig.  27)  consists  of  an  automatic 

feed  lattice,  which  brings 
the  leaf-stalks  under  a 
series  of  scrapers.  By 
means  of  this  machine 
one  native  can  clean  as 
many  leaves  as  ten  pairs 
of  natives  by  hand.  After 
being  scraped,  the  fibres 
are  washed  and  dried. 

Sunn  Hemp.  —  An- 
other important  source  of 
hemp  supply  is  the  plant 
named  by  botanists  Cro- 
talaria  jtmcea  (fig.  28), 
and  variously  designated, 
by  the  natives  of  the 
countries  where  it  is 
grown.  Sunn  hemp,  Jub- 
bulpore  hemp,  and  India 
hemp.  Indigenous  to 
southern  Asia,  the  plant 
has  spread  itself  through- 
out Australasia;  it  is 
largely  cultivated  in  the 
United  Provinces  of  India,  and  the  fibre  forms  a  considerable  propor- 
tion of  the  hemp  imported  to  Great  Britain  from  India. 

Cultivation.  —  Sunn  hemp  will  grow  on  any  fertile  soil,  and  it 
does  not  need  much  care,  being  a  noted  weed  killer.  Two  crops 
can  be  raised  in  one  year;  sown  in  June,  the  plant  is  mature  in 
September;  sown  in  October,  it  is  reaped  in  April.  The  land 
is  ploughed,  harrowed,  and  rolled,  and  the  seed  sown,  in  quick 
succession.  Being  a  bast  fibre,  it  readily  hardens.  If  fine  fibre 
is  desired,   the   plant  should   be   reaped  as  soon  as  the  flowers   fade, 


Fig.  28. — Sunn  Hemp  [Crotalaria  juncea) 
I,  Calyx  opened  out.      2,  Keel.      3,  Fruit  (red). 
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but   the  seeds  are  allowed  to  ripen   if  the  fibre  is  to   be  coarse  and 
strong. 

Pulling-  and  Retting.^The  plants  are  gathered  by  pulling;  then 
the  stems  are  laid  out  in  ridges  for  several  days  to  wither  the  leaves. 
As  with  common  hemp,  the  stems  are  cleared  of  leaves  and  placed  in 
stagnant  pools  of  water  to  ret  the  woody  boon  from  the  fibre.  The 
period  of  retting  varies 
with  the  season ;  but 
as  soon  as  the  fibre 
slips  from  the  boon 
with  slight  pressure, 
the  process  is  finished. 
The  fibres  are  stripped 
by  beating  in  pools  of 
water.  Washed  in  a 
running  stream,  the 
fibres  are  dried  and 
combed  for  packing. 

Structure  of  Fibre. 
— Varying  in  length 
from  3  to  7  ft.,  the 
fibres  are  made  up  of 
fine,  short  filaments, 
about  .0015  in.  in  dia- 
meter and  ^  in.  long. 
The  little  cells  have  a 
fine  cohesion,  the  ten- 
sile strength  of  the 
fibre  being  417  lb. 
breaking  strain. 

Jute. — Cultivated  in  China  and  India  for  many  centuries,  jute  came 
into  use  as  a  textile  fibre  in  Great  Britain  about  the  year  1828,  when 
a  Dundee  manufacturer  named  Watt  discovered  a  means  of  utilizing 
it.  Jute  is  obtained  from  plants  of  the  genus  Corchorus,  belonging  to 
the  lime-tree  order.  Two  species  are  cultivated  for  fibre,  C.  capsularis 
(fig.  29)  and  C.  olitorhts,  the  leaves  of  the  latter  being  also  used  as  a 
potherb  in  Egypt  and  adjacent  countries.  Though  botanically  distinct, 
the  fibres  from  the  two  plants  are  practically  identical.  At  one  period 
great  expectations  were  formed  of  this  fibre,  and  the  possible  sources 
of  supply  were  eagerly  calculated;    but  jute  has  sunk  low  in  the  esti- 
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29. — Jute  Plant  [Corcho-nis  capsularis) 
I,  Flower.      2,  Fruit. 
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mation  of  textile  manufacturers,  and  all  anxiety  regarding  possible 
failure  in  the  supply  has  vanished.  Though  China  grows  a  large 
quantity,  the  Chinese  use  most  of  it  themselves.  India  alone  exports 
much  of  the  fibre,  and  the  districts,  with  the  qualities  they  produce, 
are  these: — 

Rungpore,  Goalpara,  Begra,  parts  of  Maimansingh,  Kuch  Behar, 
and  Jalpaiguri  produce  the  highest  quality  of  jute,  known  as  tttfariya; 
it  is  the  longest,  strongest,  and  most  lustrous  of  the  fibres.  Sirajganj 
and  neighbourhood  grows  the  quality  named  deswal,  much  favoured 
because  of  its  fineness,  bright  colour,  and  strength.  From  the  Hugh, 
Burdwan,  and  Jessor  comes  the  desi  jute,  fuzzy,  but  long,  fine,  and 
soft.  The  villagers  of  Faridpur  and  Bakarganj  produce  the  deora 
jute,  bulky,  dark  in  colour,  coarse,  and  strong.  Three  kinds  of  fibre 
are  raised  in  the  Dacca  district:  7iargingangi^  strong,  soft,  and  long; 
bakrabadi,  excellent  in  colour  and  of  good  length;  bhatial,  coarse  and 
suitable  for  ropes.  Karimgunge  is  the  name  of  another  fine  jute  grown 
in  the  Mymensing  district;  it  spins  well  and  shows  good  colour. 

Cultivation. — The  jute  plant  requires  a  deep,  soft  soil  and  a  moist 
climate,  with  high  temperatures.  It  is  most  easily  raised  in  marshy 
lands,  subject  to  floods,  for  there  the  soil  is  always  fresh,  soft,  and 
finely  pulverized.  On  higher  lands  the  tillage  must  be  thorough;  the 
land  must  be  ploughed  deep  and  the  soil  opened  up  to  the  sun  and  air. 
The  plant  is  said  to  be  severe  on  the  soil,  but  this  may  be  owing  rather 
to  crude  methods  of  culture  than  to  the  nature  of  the  plant.  By  a 
system  of  three-year  rotation  the  land  recovers  fertility  even  without 
the  use  of  fertilizers,  which  might  profitably  be  used. 

Sowing,  Weeding,  Thinning. —  Sowing  generally  takes  place  in 
March  and  April  in  Bengal ;  the  seed  is  thrown  broadcast  and  lightly 
harrowed  over.  About  a  week  after  sowing,  the  plants  sprout,  and  then 
weeding  begins.  The  fields  are  weeded  carefully  twice  or  three  times, 
till  the  plants  have  become  well  grown.  At  the  same  time  the  backward 
plants  are  thinned  out,  leaving  a  space  of  from  8  to  lo  in.  between 
successive  plants. 

Reaping. — Within  three  months  of  sowing,  the  plants  come  into 
flower,  and  then  the  reaping  should  be  begun.  Jute  grown  in  marsh 
lands  is  pulled,  but  the  greater  part  of  the  crop  is  cut  down  with  the 
reaping  hook.  Having  been  cut,  the  stems  are  stacked  on  the  field, 
and  left  to  wither  for  a  period. 

Retting. — Excepting  that  it  is  ruder  and  less  systematic,  the  retting 
of  jute  in  India  differs  in  no  way  from  the  retting  of  flax  in  Ireland, 
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already  described.  By  this  means  the  woody  boon  is  decomposed,  and 
the  resinous  matter  which  holds  it  and  the  fibres  together  softened. 

Stripping-,  Washing-,  Drying.  —  Various  methods  are  used  in  dif- 
ferent districts  for  separating  the  fibres,  but  as  a  rule  the  retted  stems 
are  taken  in  bundles  to  a  running  stream  and  beaten  in  the  water  till 
fibres  and  stems  part.  The  beater  takes  up  a  bundle,  strips  off  a  small 
portion  of  the  fibre  from  the  root  ends  of  the  stems,  and  beats  them  in 
the  water.  The  fibres  come  off  without  injury  to  either  stem  or  fibre. 
Next,  the  workman  "washes  off"  before  the  fibres  have  time  to  dry. 
Grasping  a  handful  of  fibres,  he  draws  them  through  the  water, 
spreading  and  pulling  them  so  as  to  clear  off  all  the  adhering  woody 
matter  and  black  spots.  When  this  has  been  done,  the  fibres  are  a 
mass  of  long  threads.  The  bundle  is  wrung  free  of  water  and  hung 
upon  stretched  lines  to  dry.  The  dried  fibre  is  ready  for  sorting  and 
packing. 

Structure  of  Jute. — Superficially  regarded,  jute  seems  a  most  pro- 
mising fibre,  its  length,  softness,  and  lustre  being  undoubted.  Prac- 
tical experience,  however,  has  proved  disappointing,  and  careful 
examination  of  the  structure  of  the  fibre  goes  far  to  explain  its  com- 
parative failure  as  a  textile  material.  The  filaments  are  very  short, 
ranging  from  .ig6  in.  to  .057  in.,  and  the  colour  tests  distinctly  show 
that  it  is  somewhat  dense  and  woody  in  composition.  When  we 
examine  a  transverse  section  of  the  fibre,  we  find  it  composed  of  cells 
with  large  central  cavities  and  thin  walls.  This  imparts  to  the  fibre 
a  woolly  softness,  but  the  tensile  strength  and  wearing  quality  of  the 
fibre  are  thereby  greatly  impaired.  On  the  other  hand,  however,  few 
fibres  are  so  easily  spun. 


CHAPTER   VII 
Miscellaneous  Fibres 

Minor  Fibres. — Textile  manufacturers  are  always  ready  to  welcome 
the  discovery  of  fibres  suitable  for  use  in  the  making  of  yarns  and 
fabrics.  Many  fibres  unknown  to  all  save  the  expert  in  this  country 
are  utilized  for  the  highest  textile  purposes  by  the  inhabitants  of  other 
parts  of  the  globe.  Cotton  itself,  now  the  most  important  of  vegetable 
fibres,  only  became  among  ourselves  the  supplanter  of  flax  and  the 
rival  of  wool  about  the  middle  of  the  eighteenth  century.     Sea-island, 
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the  finest  of  cottons,  was  first  accepted  as  a  suitable  textile  material  by 
Robert  Owen  in  1791  after  previous  rejection.  The  fibres,  therefore, 
we  class  as  minor  are  so  designated  because  of  the  fact  that  they  enter 
less  into  textile  manufacture  than  the  others  already  named. 

Ramie,  Rhea,  China  GvdiSS.  —  Bcehineria  nivea  (fig.  30),  of  the 
nettle  tribe,  is  found  growing  wild  in  various  parts  of  the  world  be- 
tween the  36th  degrees  of  latitude  north  and  south.      The  Chinese, 

Assamese,  and  Javan- 
ese have  cultivated  the 
plant  for  its  fibre  during 
many  centuries.  A 
perennial  herbaceous 
plant,  ramie  grows  to 
a  height  of  7  to  8  ft., 
with  serrated  leaves, 
dark-green  above  and 
white  below,  the  stems 
varying  from  the  thick- 
ness of  a  quill  to  that 
of  a  man's  thumb. 

Cultivation  of  Ramie. 
—  Though  readily 

springing  up  on  ne- 
glected fields,  the  soil  of 
which  it  impoverishes, 
ramie  requires  careful 
culture  if  the  fibre  is 
to  be  utilized  and  a 
continuous  supply  is 
to  be  assured.  In  the 
wild  state  the  plant 
appears  and  disappears  erratically.  Two  methods  of  propagation  may 
be  adopted.  One  method  is  by  cuttings,  and  the  other  is  by  raising 
seed  up  into  small  plants  and  transplanting.  The  Chinese  practise 
the  latter  method,  which  is  also  recommended  by  the  highest  author- 
ities in  this  country.  Thomas  Barraclough,  generally  accepted  as 
an  authority,  says:  "Germinate  the  ramie  seeds  in  open  boxes  in 
a  roofed  house.  Fill  the  boxes  with  earth;  for  top  soil  take  a  light 
loam,  and  pulverize  it  thoroughly  by  passing  it  through  a  %-n-\. 
sieve;    a  slight  admixture  of  burnt  earth  or  dung  will   keep  it   moist 


Fig.  30. — Ramie  [Bahmeria  nivea] 
I,  Female  flower  (cluster).       2,  Single  female  flower.       3,  Male  flower. 
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without  watering-  for  some  days.  Mix  a  small  quantity  of  the  seeds 
with  one  basketful  of  the  prepared  soil.  Sprinkle  this  soil  over 
the  earth  in  the  boxes.  Do  not  water  until  after  five  or  six  days 
(sometimes  ten  days),  when  the  seminal  leaves  begin  to  appear.  When 
watering,  use  a  very  fine  rose.  When  the  young  seedlings  are  from 
2  to  2^  in.  high,  transfer  them  to  the  nursery  in  specially  prepared 
beds,  planting  them  3  in.  apart.  If  taken  out  with  a  ball  of  earth  round 
their  roots,  they  bear  transplanting  well,  and  from  that  time  need  only 
the  usual  amount  of  attention  and  care  which  all  young  plants  require — 
shading,  watering,  and  weeding."  The  plants  are  afterwards  trans- 
ferred to  the  fields,  which  have  already  been  ploughed,  harrowed, 
weeded,  and  manured  for  their  reception. 

Gathering. —  Ramie  is  a  perennial,  and  the  stems  are  cut  from  the 
root.  In  the  first  year  the  stems,  about  i  ft.  high,  are  cut;  next  year 
another  cutting  is  taken ;  but  in  the  third  year  the  system  of  cropping 
the  plant  three  times  a  year  is  begun.  After  each  cropping  the  stems 
are  manured. 

The  reaper  grasps  the  stem  with  one  hand  and  passes  the  other 
firmly  down,  stripping  off  the  leaves  and  small  twigs;  then  he  cuts  it 
about  2  in.  from  the  root.  The  cut  stems  are  laid  together  in  bundles 
and  tied  up  in  sheaves. 

Decortication. — Like  all  bast  fibres,  ramie  is  covered  on  the  outside 
by  a  bark,  and  inside  is  the  woody  boon  of  the  stem.  In  China,  Assam, 
Java,  and  Sumatra  different  methods  of  obtaining  the  fibre  are  used, 
and  all  involve  much  labour.  The  Chinese  have  produced  the  best 
fibres,  and  their  methods  are  therefore  most  interesting.  Splitting  the 
stems  longitudinally,  the  Chinese  cultivator  removes  the  bark  with  a 
knife,  scraping  off  the  inner  layer  and  laying  bare  the  fibres.  Now  in 
ribbons  or  skeins,  the  fibres  are  passed  through  a  series  of  operations 
designed  to  free  them  from  the  natural  gum ;  but  as  we,  for  the  pre- 
sent, regard  degumming  as  part  of  the  manufacturer's  duty,  those 
operations  need  not  be  detailed. 

Machine  Decortication. — After  many  attempts  an  efficient  decorti- 
cating machine  has  been  invented  by  a  Frenchman  named  Faure. 
Mr.  Barraclough  thus  describes  the  first  form  of  the  invention  and 
its  operation  (fig.  31): — 

"The  machine,  which  weighs  11  cwt.,  is  very  strong,  and  not  liable 
to  get  out  of  order.  It  consists  mainly  of  the  framework  and  driving 
gear,  the  decorticating  drum  carrying  beaters,  and  the  feed  bed.  The 
latter  is  the  important  feature  of  the  machine,  by  reason  of  its  special 
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contour,  which  varies  at  different  parts  to  suit  the  various  descriptions 
of  work  which  the  machine  has  to  perform.  The  first  part  of  the 
machine  is  curved  outwards,  the  second  is  straight,  and  the  third  is 
curved  inwards.  The  ramie  stems  are  fed  into  the  machine  over  the 
^rst  part  of  the  bed,  where  the  woody  portion  becomes  immediately 
broken  and  partly  removed;  the  strip  passes  on  to  the  second  part, 
and  as  the  speed  of  the  beaters  is  considerably  greater  than  that  at 
which  the  stems  are  fed  into  the  machine,  a  scraping  effect  is  produced 
on  the  strips,  seeing  that  the  distance  between  the  beaters  and  the 
surface   of  the   bed    is   less   than   the   thickness   of  the   strips.      This 
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Fig.  31. — Faure's  Improved  Decorticator 


A,  Drum  armed  with  iron  beaters  B.  c.  Casing.  D,  Brush.  E,  Copper  feed  table  adjust<ib'e  by  means  of 
the  eccentric  F  governed  by  the  wheel  G.  H  and  K  are  springs  which  allow  the  feed-table  to  vibrate  to  the 
concussion  of  the  beaters.  When  one  end  of  the  stems  has  been  decorticated  and  withdrawn,  the  other  end  is 
presented  to  the  beaters  as  shown  at  a  in  the  plan;  tlie  cleaned  ends  are  then  drawn  along  the  table  and  placed 
beneath  the  hook  L  as  shown  at  b,  where  they  are  caught  between  the  endless  cable  M  and  the  endless  band  N, 
both  running  round  the  pulley  p.  The  fibres  are  then  dragged  out  of  the  machine  and  given  a  twist  as  shown 
at  c.  They  are  removed  by  a  blade  not  shown  in  the  drawing.  R,  Driving  wheel,  s,  Friction  wheel  driving 
the  inclined  pulley  T. 


scraping  action  effects  a  double  purpose;  it  attacks  the  outer  skin  and 
also  all  matters  extraneous  to  the  fibre.  The  strips  or  sticks  of  fila- 
ments then  pass  vertically  down  into  the  machine,  and  the  separated 
matters,  viz.  most  of  the  woody  parts,  the  skin,  and  the  gummy  sub- 
stance, are  thrown  out  to  a  distance  by  the  centrifugal  force  of  the  beater 
drum.  When  the  stems  have  entered  to  within  a  short  distance  of 
their  end,  the  return  movement  is  effected,  and  they  are  withdrawn. 
During  the  withdrawal  the  following  action  takes  place.  At  the  in- 
ward curve,  or  third  part  of  the  bed,  the  filaments  are  slightly  and 
gradually  grazed  by  the  beater  blades,  which  throw  out  the  coarser 
of  the  debris  still  adhering.  The  operation  is  performed  with  great 
delicacy;  the  fibres  assume  the  position  of  the  chord  of  the  curve,  and 
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are  constantly  agitated  by  the  beaters.  When  the  fibres  arrive  at  the 
second  part  of  the  bed,  the  space  between  them  and  the  beaters  having 
been  reduced  to  the  smallest  possible  proportions,  the  entire  removal 
of  matters  still  adhering  is  effected,  and  the  fibres  leave  the  machine 
white,  parallel,  and  free  from  woody  matter,  from  skin,  and  from  the* 
major  portion  of  the  juice.  The  concave  bed  or  breast  is  mounted  in 
such  a  way  that  its  relation  to  the  action  of  the  beaters  is  easily  regu- 
lated. The  brackets  which  carry  the  bed  are  supported  by  spiral 
spring  cushions  and  flexible  legs,  the  object  being  to  obtain  a  rubbing 
action  between  the  beaters  and  the  fibre,  having  for  its  special  object 
the  loosening  and  removal  of  the  skin  or  outer  cuticle.  The  elastic  bed 
gives  way,  or  vibrates,  an  enormous  number  of  times  per  minute,  and 
this  produces  the  described  rubbing  or  '  knuckle-joint '  action  between 
the  beaters  and  the  fibres  on  the  bed.  The  shape  of  the  feed  bed 
causes  it  to  remain  clean  and  free  from  extraneous  matters  through 
the  action  of  the  beaters.  Choking  is  thus  rendered  impossible.  All 
abnormal  strains  are  avoided,  and  the  machine  can  be  kept  working 
from  morning  till  night  without  stoppages  for  cleaning." 

Structure  and  Uses  of  Ramie. — The  filaments  of  which  ramie 
fibre  is  composed  are  of  extraordinary  length,  ranging  from  3  in. 
to  16  in.  This,  compared  with  the  i^  in.  of  flax  and  the  Y^,  in.  of 
jute,  seems  to  give  the  fibre  an  enormous  advantage  as  a  material  for 
spinning  fine  threads;  but  closer  examination  does  not  enhance  our 
estimate  of  the  value  of  ramie  as  a  textile  fibre.  Each  filament  is  a 
hair-like  tube,  hard  and  striated,  the  walls  of  the  tube  irregular  in  thick- 
ness. Compared  with  the  collapsed  spiral  of  cotton,  or  the  imbricated 
fibre  of  wool,  ramie  can  hardly  be  considered  a  clothing  material. 
Its  strength,  purity  of  colour,  lustre,  fineness,  resistance  to  climatic  and 
atmospheric  conditions,  however,  render  it  the  most  formidable  rival 
of  flax  yet  known. 

Supply. — Hitherto  the  supply  of  ramie  has  not  been  either  regular 
or  reliable  in  quality;  but  plantations  are  being  established  in  Australia, 
India,  America,  France,  and  Italy  which  promise  to  afford  ample 
and  regular  supplies  of  the  fibre  in  the  near  future. 

New  Zealand  Flax. — Phormium  tenax  (fig.  32)  is  a  plant  of  the 
lily  family,  native  of  New  Zealand,  and  from  it  is  derived  the  fibre 
known  on  the  market  as  New  Zealand  flax.  Cultivated  by  the  Maoris, 
who  utilized  the  fibre  as  a  textile  material,  it  was  first  brought  to  Great 
Britain  in  1861.  High  hopes  were  formed  of  the  fibre,  but  experience 
showed  that  the  name  under  which  it  was  introduced  not  inaptly  de- 
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scribed  the  limit  of  its  capacity.  The  plant  grows  wild  on  the  shores, 
marshes,  and  river  valleys  of  New  Zealand,  and  may  be  found  in  the 
Mallee  swamps  of  South  Australia.  Its  leaves  mature  at  a  height  of 
from  3  to  9  ft.,  from  3  to  4  in.  broad.  The  fibres  are  the  skeleton  of 
the  leaves,  which  must  be  freed  from  vegetable  matter.  As  prepared 
by  the  Maoris  for  their  own  purposes  the  fibre  possesses  high  qualities; 
but  when  it  is  produced  under  commercial  conditions  the  value  of  the 

fibre  declines.  Wild 
plants  yield  an  uncer- 
tain harvest;  to  become 
commercial  a  fibre 
must  be  cultivated,  and 
cultivation  is  expen- 
sive. In  securing  the 
fibre  the  Maoris  waste 
nearly  two-thirds  of  the 
choicest  leaves  and 
scrape  out  the  fibre  by 
laborious  hand  labour; 
but  the  cultivator  for 
the  market  can  afford 
neither  the  one  method 
nor  the  other.  Culture 
to  a  considerable  extent 
has  been  undertaken 
in  New  Zealand.  The 
best  method  of  propa- 
gation is  by  dividing 
the  numerous  roots  of 
the  mature  plant  and 
planting  them  in  pre- 
pared soil,  well  drained,  but  copiously  supplied  with  water.  When 
mature,  the  leaves  are  cut  and  decorticated  in  machines  similar  in 
principle  to  that  described  above.  After  coming  through  the  machine 
the  fibre  is  washed  and  bleached,  then  scutched  like  flax.  The  fibre 
is  almost  white,  silky  in  lustre,  supple  and  soft  in  feel;  it  does  not 
sustain  sudden  strain  very  well,  but  it  bears  a  long  pull  better  than 
either  flax  or  hemp. 

Abroma   augusta. — Popularly  known   as  Devil" s  cotton^   this   is  a 
small   tree  from  the  bark  of  which  a  fine  fibre  is  taken  by  means  of 


Fig.  32. — New  Zealand  Flax  [Phormiiiin  teiiax) 
I,  Flower.       2,  Leaf.       3,  Segment  of  perianth.       4,  Fruit. 
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maceration  and  steeping.  White,  clear,  and  strong,  the  fibres  may  be 
used  instead  of  hemp  for  twine  and  cordage. 

Century  Plant. — One  of  the  agaves,  and  variously  named  the  aloe, 
the  century  plant,  and  Agave  americana^  this  plant  will  grow  almost 
anywhere  in  tropical  and  subtropical  climates.  The  leaves  average 
about  9  ft.  long  and  i  ft.  wide.  When  cut,  the  leaves  are  decorticated 
either  by  machine  or  hand  labour.  Having  been  scraped,  the  fibres 
are  washed  several  times,  each  time  being  passed  through  a  squeezing 
machine,  which  softens  as  well  as  dries  the  fibres.  Next,  the  brushing 
machines  are  brought  into  use  to  clear  and  give  lustre  to  the  fibres. 
Thoroughly  dried,  the  material  is  packed  in  bales.  The  fibre  is  chiefly 
used  in  rope  making. 

Pineapple. — The  leaf  of  this  well-known  fruit  is  a  source  of  textile 
fibre  of  considerable  importance.  A  native  of  tropical  America,  the 
plant  has  been  naturalized  in  India,  China,  Australia,  the  Philippines, 
and  elsewhere.  The  pineapple  is  easy  to  propagate  by  means  of  offsets 
from  the  base  of  the  mature  root.  Within  twelve  to  eighteen  months 
the  leaves  are  fully  grown,  measuring  on  the  average  3  ft.  long  by 
2  in.  wide,  though  some  leaves  are  6  ft.  long.  When  grown  for 
fibre,  the  plants  are  thickly  set  and  the  leaves  cut  off  while  the  fruit 
is  unripe.  Extracted  by  scraping  away  the  fleshy  matter  and  washing, 
the  fibres  are  bleached  in  the  sun.  The  filaments  of  the  fibres  are  about 
I  in.  long,  very  fine,  strong,  glossy,  supple  and  crimpy,  combining 
closely  in  the  whole  fibre  which  sometimes  measures  5  ft.  long.  White, 
soft,  and  of  great  strength,  capable  of  bearing  a  strain  equal  to  312  lb., 
this  fibre  might  be  more  utilized  than  it  is. 

Bromelia. — This  is  a  genus  of  plants  from  which  some  very  fine 
fibres  are  derived,  though  little  use  has  been  made  of  them  by  textile 
manufacturers.  Bromelia  argentina,  a  native  of  Paraguay,  and  grown 
largely  in  Brazil,  yields  a  long,  silky  fibre,  used  in  making -native 
cloths.  B.  Pinguin,  of  Jamaica  and  the  Philippines,  gives  the  fibre 
from  which  the  celebrated  Manila  handkerchiefs  are  made.  B.  syl- 
vestris  is  another  of  the  genus  from  which  a  fine  fibre  is  obtained, 
growing  in  the  West  Indies  and  Central  America.  The  plants  are 
all  easily  cultivated  in  tropical  lands.  Native  methods  of  preparation, 
however,  are  long,  and  therefore  costly  from  our  point  of  view. 

Mudar,  or  Yercum. — An  erect,  spreading  perennial  shrub,  the 
mudar,  Calotropis  gigantea,  grows  wild  on  the  waste  lands  of  India, 
Assam,  Singapore,  Ceylon,  and  south  China.  The  plant  furnishes 
two  fibres,  one  from   the  seed   pods,   resembling  cotton   in  superficial 
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appearance,  and  one  from  the  bark  in  the  shape  of  a  bast  fibre.  The 
floss  from  the  seed  pods  has  been  proved  to  be  of  small  textile  value, 
and  may  be  regarded  as  nothing  more  than  a  stuffing  material,  though 
of  a  superior  kind.  The  bast  fibre,  however,  is  one  of  the  strongest, 
finest,  and  most  durable  of  vegetable  fibres.  No  preparation  of  the 
stems  is  necessary  for  extracting  the  fibre.  When  green,  the  stems 
are  peeled  by  hand,  and  the  fibre  dried  in  the  sun.  The  stems  are 
knotty,  however,  and  this  makes  the  fibres  short  or  irregular  in  length 
and  quality.  According  to  Sir  George  Watt,  the  plant  thrives  on  soils 
where  nothing  else  will  grow,  and  needs  neither  cultivation  nor  water; 
hence  it  is  adapted  for  bringing  waste  lands  under  tillage  and  pro- 
tecting unclaimed  land  from  the  drifting  sands. 

Coir.^ — Great  hopes  were  at  one  time  entertained  of  coir  as  a 
material  for  making  fancy  fabrics,  such  as  hangings,  upholsteries, 
and  table  ornaments;  but  the  fibre  is  now  chiefly  used  for  ropes 
and  brushes.  Made  from  the  rough  rind  of  the  coconut,  the  fibre 
is  obtainable  in  abundance  wherever  the  palm  grows.  The  coconut 
palm  flourishes  on  the  sandy  shores  of  all  tropical  lands.  Some 
care  is  required  in  the  reaping  of  the  fibre.  If  gathered  when  the 
nuts  are  green,  it  is  too  soft;  if  the  nuts  are  allowed  to  ripen  fully, 
the  fibres  are  hard  and  brittle.  When  gathered  in  proper  condition, 
the  husks  are  easy  to  work.  Separated  from  the  nuts  by  sharp  cutters, 
the  fibre  is  soaked  in  warm  water,  dried,  and  passed  through  a  breaker 
or  scutching  mill.  Some  use  a  form  of  "willow",  and  others  have 
a  kind  of  rag-grinding  machine.  Everyone  aims  at  securing  a  clean 
and  finely  divided  fibre,  and  there  are  many  ways  of  doing  it.  When 
cleaned,  coir  is  a  stiff,  round,  elastic  fibre,  lacking  the  fineness,  softness, 
and  flexibility  necessary  for  use  as  a  textile  material,  but  very  suitable 
for  ornamental  fabrics  and  ropes. 

Sida. — The  Sida  rhomhifolia,  a  plant  of  the  mallow  family,  is  very 
abundant  in  many  parts  of  India,  notably  in  Bengal;  but  it  is  nowhere 
under  cultivation.  This  seems  rather  remarkable,  in  view  of  the 
undoubted  merits  of  the  fibre.  Sir  George  Watt,  in  a  paper  read 
before  the  Society  of  Arts  in   1887,  said: — 

"A  beautiful  silvery-white  fibre,  botanically  Sida  may  be  said 
to  be  allied  to  jute,  and  the  fibre  it  affords  in  many  respects  resembles 
jute.  It  may  be  grown  on  the  same  fields  and  by  the  same  cultivators. 
It  can  therefore  be  produced  at  about  the  same  price,  for  the  fibre  may 
be  separated  from  the  stems  by  the  same  simple  process,  namely,  by 
retting  and   washing   in  water.     The  only  factor  that   might  conduce 
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to  make  it  more  expensive  than  jute  is  the  fact  that  in  its  wild 
state  it  does  not  attain  the  same  length  of  stem  as  the  cultivated 
jute;  but  Sida  has  not  been  cultivated  as  yet,  and  there  is  no  knowing 
but  that  it  may  exceed  even  jute  in  its  yield  of  fibre  per  acre.  It 
may  be  accepted,  however,  that  Sida  fibre  is,  like  jute,  a  cheap  fibre, 
and  one  that  might  be  produced  in  immense  quantities  with  great 
ease,  the  supply  being  as  constant  as  that  of  jute.  Its  claims  for 
superiority  over  jute  are  very  considerable.  The  fibre  is  not  half  so 
coarse  as  jute,  and  it  is  of  much  purer  quality,  and  can  therefore 
be  spun  into  finer  yarns,  and  thus  come  into  textile  purposes  which 
jute  has  totally  failed  to  reach.  It  can  take  colour  with  ease;  in 
fact,  Sida  has  been  much  admired  by  all  the  manufacturers  who 
have  examined  it." 

Ran  or  Banbhendi. — Known  to  botanists  as  Malachra  capitata, 
indigenous  to  west  tropical  Africa,  tropical  America,  and  the  hot, 
damp  tracts  of  India,  this  plant  is  another  rival  of  jute.  It  grows 
freely  and  quickly,  attaining  a  height  of  8  ft.  in  three  months.  By 
a  preparation  similar  to  that  of  jute  a  fibre  is  taken  from  the  plant 
of  a  fine  silky  quality  and  from  8  to  9  ft.  long.  At  present,  however, 
this  class  of  fibre  is  not  urgently  demanded. 

American  Jute. — For  a  long  time  regarded  as  a  troublesome  weed 
in  the  middle  States  of  America,  the  Indian  mallow  or  American 
jute,  Abutilon  avicennce^  has  been  found  to  contain  a  fibre  equal  in 
most  respects  to  the  best  jute  of  the  East.  The  Americans  have  not 
taken  seriously  to  cultivating  the  plant,  but  a  considerable  amount 
of  the  fibre  is  exported  from  China.  It  is  easily  grown,  and  the 
yield  per  acre  of  good  land  is  about  7  tons  of  dry  stalks. 

Ban  ochra  or  Toja. — Widely  distributed  over  the  Tropics,  the 
ban  ochra,  Urena  lobata,  is  a  shrubby  plant  of  variable  growth,  from 
the  bark  of  which  a  strong  and  useful  fibre  is  obtained.  Easily 
extracted,  the  fibre  is  a  good  substitute  for  flax,  and  has  long  been 
used  by  the  natives  of  West  Africa  for  making  ropes. 

Hibiscus. — From  the  malvaceous  genus  Hibiscus  we  get  many 
valuable  fibre  plants.  Strangely  enough,  not  one  of  them  has  attained 
to  high  textile  importance,  though  many  of  them  would  repay  closer 
study  and  careful  culture.  Six  of  these  plants  are  utilized  somewhere 
or  other,  and  have  been  brought  before  the  notice  of  British  fibre 
users.     We  therefore  note  them  briefly: — 

I,  Hibiscus  cannabinus,  named  Deccan  or  ambari  hemp,  is  cultivated 
throughout  India  for  its  fibre,  which  is  used  by  the  natives  for  ropes 
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and  cordage  and  rough  canvas.  When  properly  prepared,  the  fibre 
is  white,  soft,  silky,  and  fine,  spinning  well,  and  highly  recommended 
for  all  the  textile  purposes  for  which  jute  is  used.  2,  Hibiscus  Sabdariffa, 
the  red  sorrel  of  the  West  Indies,  is  a  graceful  shrub,  capable  of  growing 
almost  anywhere  in  the  Tropics.  It  has  a  fleshy  calyx,  which  is  made 
into  a  fine  jelly.  To  obtain  the  fibre,  the  stems  are  soaked  in  water 
for  nearly  three  weeks,  and  then  the  bark  comes  away  to  the  hand. 
Washed,  dried  and  combed,  the  fibres  are  white,  strong,  and  silky, 
many  of  them  8  ft.  in  length.  3,  Hibiscus  Abelmoschus.  This  plant 
is  popularly  known  as  musk  mallow,  because  of  the  seeds  possessing 
a  strong  musky  odour.  If  required,  the  musk  mallow  would  be  a 
perfect  substitute  for  jute.  4,  Hibiscus  esculentus,  the  Ochro  or  Gombo 
of  India,  yields  a  fruit  which  is  highly  valued  as  a  vegetable  wherever 
it  is  grown.  Owing  to  this  the  fibre  has  largely  escaped  attention, 
though  it  is  sometimes  utilized  for  ropes  and  cordage.  Very  strong, 
flexible,  and  of  lustrous  white  appearance,  the  fibre  is  easily  extracted. 

5,  Hibiscus  tiliaceus,  the  Bola  of  Bengal,  is  a  large  bush  which  grows 
rapidly  on  lands  otherwise  barren.  "The  fibre",  says  Sir  George 
Watt,  "is  readily  separated  from  the  green  or  unsteeped  branches, 
the  work  of  preparation  being  less  tedious  than  with  the  other  fibre- 
yielding  plants  of  the  genus."  We  think  that  the  Indian  Government 
and  the  Colonial   Office  should  take  a  strong  interest  in  this  plant. 

6,  Hibiscus  collinus.  Native  to  India  and  Ceylon,  the  plant  i;ontains, 
within  its  bark,  a  fibre  comparable  to  hemp  in  many  respects.  The 
fibrous  bark  peels  from  the  stem  in  fine  strips,  and  the  fibres  are 
separated  by  washing  and  beating,  to  be  made  into  ropes. 

Kg  Hemp. — A  trailing  leguminous  plant,  native  of  Japan  and 
China,  ko  hemp,  Pueraria  thunbergiuna,  yields  a  fibre  of  wonderful 
quality.  It  has  been  used  for  many  centuries  by  both  the  Chinese 
and  the  Japanese  as  a  material  from  which  are  woven  under  garments 
for  summer  wear.  The  fibre  resists  dampness  and  heat,  and  does 
not  cling  to  the  body  in  the  hottest  weather.  The  climbing  nature 
of  the  plant  renders  its  cultivation  less  easy  than  might  be  desired. 

Dunchi.  —  Belonging  to  the  natural  order  of  Leguminos^,  the 
dunchi,  Sesbania  aculeata,  is  a  shrubby  annual  cultivated  all  over 
India  for  its  fibre,  which  strongly  resembles  common  hemp,  though 
softer  and  silkier.  Marshy  lands  may  be  reclaimed  by  the  culture  of 
this  plant,  and  the  yield  of  fibre  is  abundant. 

Rajmahal  or  Bowstring  Hemp. — Growing  vigorously  on  arid  soils, 
and  finding  support  from  scrub  and  bushes,  this  climbing  plant,  San- 
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seviera,  yields  a  fibre  of  great  strength  and  elasticity.  Because  of  the 
latter  quality,  the  fibre  was  much  used  by  the  natives  for  bowstrings; 
hence  the  name.  The  natives  prepare  the  fibre  by  a  simple  process. 
The  stems  are  cut  in  pieces,  split,  dried,  and  steeped  in  water  for 
an  hour,  and  then  scraped  with  a  rough  stick.  The  fibre  so  obtained 
is  regarded  as  the  finest  and  silkiest  of  all  Indian  bast  fibres.  Under 
industrial  conditions  better  results  would  accrue. 

New  Fibres. — Many  fibres  have  been  left  out  of  our  account  which 
have  some  claims  to  be  considered  of  textile  value,  but  the  greater 
number  of  these  have  been  already  tried  and  found  wanting  in  some 
one  of  the  several  essential  qualities  of  a  textile  fibre.  Every  month 
textile  experts  are  being  called  upon  to  test  fibres  unknown  to  the 
manufacturer,  and  these  either  become  part  of  the  fibre  reserves  of 
the  world  or  are  laid  aside  as  useless,  only  the  very  rarest  being  of 
such  quality  as  to  awaken  the  hope  of  a  new  and  really  valuable  fibre. 
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GENERAL    PRINCIPLES 


Textile  fibres  require  to  be  prepared  for  the  spinner;  wool,  cotton, 
silk,  flax,  hemp,  ramie,  or  jute  comes  from  the  market  as  raw  in 
substance  as  when  the  grower  wrested  it  from  nature.  To  fit  any 
fibre  for  textile  purposes  involves  operations  more  or  less  difficult 
and  elaborate. 

Most  fabrics  are  composed  of  threads.  The  pivot  operation  of 
the  whole  industry  is  the  making  of  a  thread ;  it  is  therefore  the 
primary  object  of  the  textile  worker  to  bring  the  fibres  into  such 
condition  that  they  will  spin  into  a  continuous  thread. 

Diverse  as  the  various  textile  fibres  are  in  origin,  nature,  and 
character,  one  principle  governs  the  preparatory  processes  of  each 
and  every  fibre.  In  the  raw  state  all  are  dirty,  tangled,  promiscuously 
mingled  short  and  long,  disjoined,  disorderly;  to  become  useful  as 
textile  material  the  fibres  must  be  disentangled,  cleaned,  arranged  in 
sizes,  and  smoothly  combined.  At  certain  stages  of  the  preparatory 
process  a  common  need  brings  dissimilar  fibres  to  the  same  machines. 
Being  unlike  in  essential  nature,  cotton  and  wool,  for  example,  are 
cleansed  from  dirt  in  quite  different  ways;  but  because  reduced  to 
the  same  form  of  thick  rope  for  spinning,  they  are  opened,  carded, 
and  combed  by  machines  similar  in  construction  and  identical  in 
principle.  Flax,  long  wools,  mohair,  waste  silk,  and  ramie  resemble 
one  another  only  in  being  long  fibres;  but  this  likeness  so  far  com- 
pensates for  all  other  dissimilarities  as  to  make  the  principle  and 
structure  of  some  of  the  preparatory  machines  and  operations  to  which 
they  are  subjected  very  much  alike. 

This  idea  of  uniformity  may  carry  us  too  far,  as  the  manufacturers 
who   tried   to  work  ramie   on   flax  machinery  found   out;    the   textile 
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processes  and  machines  are  far  from  perfect,  and  until  a  closer  ap- 
proximation to  perfection  is  reached,  specialization  is  advisable  and 
even  imperative.  But  it  cannot  be  too  clearly  understood  that  the 
principle  on  which  textile  manufacture  has  been  based  is  one  and 
indivisible.  Fabric  is  the  combination  of  fibres.  The  greater  our 
mastery  over  the  fibres,  the  more  certainly  shall  we  be  able  to  produce 
the  fabrics  desired.  The  main  object  of  fibre  preparation,  therefore, 
is  to  bring  the  fibres  under  complete  and  intelligent  control. 

Starting  with  an  easily  manipulated  raw  material,  whose  nature 
is  clearly  understood,  the  textile  manufacturer  can  determine  the 
kind  and  quality  of  his  product  from  the  beginning.  A  given 
quality  or  class  of  fibre  infallibly  produces  a  certain  quality  and 
kind  of  yarn,  if  the  process  is  carried  through  in  accordance  with 
the  principles  of  manufacture.  Before  the  fibres  have  been  selected 
the  destiny  of  the  product  has  been  fixed;  the  beginning  is  con- 
tained in  the  end,  and  the  end  in  the  beginning.  No  part  of  the 
process  is  indifferent;  all  operations  are  equally  necessary,  though 
some  call  for  higher  skill  than  others.  A  textile  factory  which 
is  not  organized  from  basement  to  top  flat  is  certain  to  fail ;  ineffi- 
ciency in  one  department  brings  disaster  on  all. 


CHAPTER   I 
The  Preparation  of  Wool 


Raw  Wool. — As  it  comes  off  the  sheep's  back,  wool  is  not  a  very 
promising  fibre  in  appearance.  Even  though  the  sheep  have  been 
washed  shortly  before  shearing,  dirt  and  leaves,  grasses  and  thorns, 
cling  closely  to  the  matted  and  tangled  tresses  of  the  fleece.  Dead 
hairs,  or  kemps  as  they  are  named,  mingle  with  the  healthy  wool; 
different  parts  of  the  fleece  vary  in  length  and  quality  of  fibre.  Yet 
from  the  dirty  and  tangled  mass  of  mixed  fibres  fine  threads  are  drawn 
and  fabrics  woven. 

Uses  of  Wool. — The  great  mass  of  wool  is  used  in  the  manufacture 
of  woollen  and  worsted  cloths.  Before  machinery  had  attained  to  its 
present  perfection  all  wools  were  divided  into  carding  and  combing 
wools,  the  former  for  woollen  and  the  latter  for  worsted  fabrics.  In 
practice   the   division    has   almost   ceased    to    be    real.      Wool    is   also 


Photo  J.  T.  Newman. 


SOUTHDOWN   SHEEP 


Plioto  C  Reid 


CHEVIOT  SHEEP 


THE    PREPARATION    OF    WOOL  131 

used  for  the  pile  of  all  classes  of  carpets,  for  felts  and  knitted  fabrics. 
Blankets,  flannels,  baizes,  and  other  special  fabrics  use  up  a  consider- 
able quantity  of  the  libre. 

Course  of  Operations. — With  a  few  exceptions,  hereafter  to  be 
noted,  the  preliminary  treatment  of  wool  is  the  same  for  all  branches 
of  manufacture.  By  sorting,  the  different  qualities  of  fibre  in  the  fleece 
are  separated.  The  wool  is  next  steeped,  scoured,  and  dried.  Then 
the  tangled  tresses  are  teased  out  on  the  "willow".  What  of  burrs 
and  vegetable  matters  remain  are  taken  out  by  the  burring  machine, 
or  by  a  carbonizing  process,  or  both.  The  wool  having  been  thus 
cleaned,  another  step  forward  is  taken.  The  kind  and  class  of  yarn 
is  now  to  be  finally  determined.  If  a  pure  wool  is  to  be  used,  the 
various  lots  are  oiled  and  mixed;  if  other  kinds  of  wools  or  fibres 
enter  into  the  composition  of  the  "make",  these  must  be  blended 
in  due  proportion.  For  thorough  blending  and  oiling  a  semi-carding 
machine,  named  the  "Fearnought",  is  commonly  used,  with  an  oiling 
apparatus  placed  in  front  of  it.  Next,  the  mass  of  fibres  is  carded. 
At  this  point  the  three  main  lines  of  wool  manufacture  separate.  The 
fibres  destined  for  woollen  cloth-making  pass  into  the  condenser,  which 
confirms  and  refines  the  sliver  or  soft  rope  produced  by  the  carder. 
Wools  for  worsted  yarns  and  cloths  are  gilled  on  the  gilling  machines 
and  combed  on  the  combing  machines.  The  felt  wools  are  made  up 
into  laps  and  felted. 

Theory  of  Sorting. — Closely  examined,  the  fleece  of  the  common 
sheep  shows  thirteen  or  fourteen  different  qualities  of  wool.  Experience 
proves  that,  as  a  rule,  one  quality  of  wool  is  found  in  the  same  part 
of  every  fleece  taken  from  the  same  species  of  sheep.  To  obtain  a 
uniform  quality  of  wool,  therefore,  we  take  the  same  section  out  of 
any  number  of  fleeces.  In  other  words,  we  sort  out  each  fleece  into 
as  many  divisions  as  there  are  qualities  of  wool.  It  is  evident  that 
only  a  small  quantity  of  each  quality  can  be  obtained  from  a  single 
fleece,  and  that  we  require  a  great  number  of  fleeces  for  a  given 
"make"  of  yarn  or  cloth.  This,  however,  is  of  little  consequence 
in  a  factory  where  thousands  of  fleeces  are  consumed  weekly,  and 
the  division  of  the  fleeces  gives  to  the  manufacturer  a  uniform  quality 
of  fibre  for  either  high  or  low  classes  of  w^ork. 

Woollen  and  Worsted  Sorting  Terms. — As  we  have  already 
stated,  the  distinction  between  woollen  and  worsted  wools  and  methods 
was  far  more  finely  drawn  in  former  days  than  now.  The  two  trades 
had  each  its  own  method  of  sorting  the  fleece  and  its  own  sorting  terms. 
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Woollen  sorters  divided  the  fleece  up  in  this  fashion:  Picklock  (fore 
shoulder),  choicest  in  fineness  of  fibre,  elasticity,  and  strength  of  staple ; 
prime  (middle  of  body),  slightly  inferior  in  strength,  but  otherwise  as 
good;  choice  (back),  true,  but  not  so  fine  in  fibre  as  prime;  super 
(loin),  not  so  valuable  as  choice,  but  similar  in  general  properties; 
head,  inferior  sorts  of  wool  derived  from  that  part  of  the  sheep; 
downrights  (lower  sides),  showing  tenderness,  but  fair  quality  of 
wool ;  seconds  (throat  and  breast),  best  of  the  wool  from  these  parts ; 
ahb,   the   skirtings   and   edgings   of  the   fleece;    breech,    short,   coarse 

hair    from    the    hinder 
parts. 

The  worsted  selec- 
tion puts  a  premium 
on  fineness,  as  the 
following  classification 
shows:  Blue,  from  the 
neck;  fine,  from  the 
shoulders ;  neat,  from 
the  middle  of  the  sides 
and  back;  broiwi-draw- 
ing,  from  the  haunches ; 
breech  or  britch,  from 
the  tail  and  hind  legs; 
cow-tail,  when  the  wool 
behind  the  legs  is  very 
strong;  brakes,  from  the  belly  and  lower  parts  of  the  front  legs,  classed 
as  super,  middle,  and  common,  according  to  quality. 

Woollen  sorting  gives  nine  classes  and  worsted  sorting  ten  grades 
of  wool  from  one  fleece.  Scientific  sorting  theory  makes  a  closer 
grading  for  both  industries;  but  the  practical  sorter  seldom  acts  up  to 
theory,  his  sorting  numbers  usually  falling  short  of  even  the  nine 
obtained  by  the  woollen  masters  of  an  older  day. 

English  Wool  Sorting — For  those  manufacturers  who  desire  to 
grade  their  wools  finely  the  fleece  of  the  common  sheep  has  been 
carefully  mapped  out  as  follows  (fig.  33),  the  lowest  numbers  denot- 
ing the  highest  qualities: — 

1.  Shoulder.     Long  and  fine  wool,  growing  close  and  even. 

2.  Side.     Stronger,  but  otherwise  equally  good. 

3.  Neck.  Short,  but  fine,  liable  to  be  mixed  with  greyish  wool 
near  the  head. 


A^-^'^f'!. 
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4.  Back  of  neck.     Inferior  to  first  three. 

5.  Top  of  fore  shoulder.     Faulty  and  irregular,  but  of  fair  medium 
quality. 

6.  Loins  and  back.      Rather  coarse  and    short,    but  fairly  true   in 
character. 

7.  Middle  of  haunch.     Long,  strong  wool  of  large  staple,  grading 
from  jfine  to  coarse  towards  the  hinder  parts. 

8.  Hinder  parts.     Coarse  and  long,  apt  to  be  hairy. 

9.  Top  of  hind  legs.     Very  like  7,  but  rather  dirtier. 


Fig.  34.— Merino  Ram,  showing  Sortings 

10.  Under  body.  Short,  dirty,  but  fine  towards  the  fore  legs.  A 
tender  wool,  and  known  as  "  brokes ". 

11.  Top  of  fore  legs.     Short  and  fine. 

12.  Throat.  Irregular,  short,  and  kempy;  very  often  full  of  grass 
and  fodder. 

13.  Head.     Short,  rough  and  coarse  wool. 

14.  Shanks.     Rough,  hard  wool;  very  short  and  of  little  value. 
Sorting  the  Merino  Fleece. — The  merino  sheep  produces  the  finest 

of  all  wools,  and  the  fleece  has  been  finely  graded  by  Dr.  Bowman  in 
this  manner  (fig.  34) : — 

I  and  2.  Shoulders  and  sides.  The  wools  grown  on  these  parts  are 
commonly  the  best  in  the  fleece,  being  specially  strong  and  long  in 
staple,  soft  in  texture,  and  uniform  in  character. 

3.  Lower  part  of  back.  This  is  also  a  wool  of  good,  sound  quality, 
resembling  in  staple  that  obtained  from  the  shoulders  and  sides,  but 
not  so  soft  and  fine  in  fibre. 
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4.  Loin  and  hack.  The  staple  here  is  comparatively  shorter  and  the 
hair  not  so  fine,  but  the  wool  on  the  whole  is  of  a  true  character.  In 
some  cases,  however,  it  is  rather  tender. 

5.  Upper  parts  of  legs.  Wool  from  these  parts  is  of  a  moderate 
length  but  coarse  in  fibre,  and  is  disposed  to  hang  in  loose,  open  locks. 
It  is  generally  sound,  but  liable  to  contain  some  vegetable  matter. 

6.  Upper  portion  of  neck.  The  staple  of  the  wool  clipped  from  this 
part  of  the  neck  is  wholly  of  an  inferior  quality,  being  faulty  and 
irregular  in  growth,  as  well  as  full  of  thorns,  twigs,  grass,  and  other 

matters. 
-^.f^P'^^^'V.  7.   Central   part    of 

hack.  This  wool  closely 
resembles  that  obtained 
from  the  loins  and 
back,  and  is  rather 
tender. 

8.  Belly.  This  is 
the  wool  grown  on 
the  under  parts  of  the 
sheep,  between  the  fore 
and  hind  legs.  It  is 
short,  dirty,  and  poor 
in  quality,  and  some- 
what tender. 

9.  Root  of  tail.  Fibre  coarse,  short,  and  glossy,  and  very  often  the 
wool  is  mixed  with  kemps  or  dead  hairs. 

10.  Lower  parts  of  legs.  Most  of  the  wool  grown  on  these  parts 
is  dirty,  greasy,  and  rough,  the  staple  lacking  curliness  and  the  fibre 
fineness.     It  is  usually  full  of  burrs  and  vegetable  matter. 

11.  12,  13.  Head^  throaty  and  chest.  The  wools  from  these  parts 
have  nearly  the  same  characteristics  and  are  generally  classed  together. 
A  small  portion  of  fair  wool  may  often  be  got  from  the  chest.  The 
fibre  as  a  whole  is  stiff,  straight,  coarse,  mixed  with  fodder,  and  kempy. 

14.  Shins.  The  wool  from  the  shins  is  short,  straight,  and  stiff,  and 
of  small  textile  value. 

Spanish  Sorting. — The  merino  fleece  is  generally  divided  by  the 
Spaniards  into  four  parcels  (fig.  35),  viz.:  i,  Refina,  extending  from 
the  lower  jaw  down  to  the  fore  shoulder,  across  to  the  haunch,  curving 
round  to  the  back  above  the  tail;  2^  fina,  taken  from  the  belly,  hind 
quarters,   and    upper   thighs;    3,    tercina,   short   wool    taken    from    the 


Fig-  35- — Spanish  Merino,  showing  Sortings 
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ROMNEY   MARSH    SHEEP 
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BLACKFACE   SHEEP 
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head,  throat,  lower  part  of  neck  and  shoulders,  ending  at  the  joint; 
4,   inferior,   from  forehead,   cheeks,   tail,   and  legs. 

At  the  Sorting:  Bench. — Because  the  sorter  receives  the  fleece  in  its 
raw  state,  with  much  dirt  and  rubbish  on  it,  the  right  kind  of  bench 
is  topped  with  a  frame  of  wood  enclosing  a  table  of  woven  wire,  to 
give  a  smooth  surface  to  the  fleece  and  let  through  the  dust,  while 
exhaust  fans  underneath  draw  the  dust  away  into  a  receptacle  outside 
the  building.  The  sorter  ranges  his  wool  skips,  or  other  holders,  round 
in  order.  He  lifts  the  fleece  flat  on  to  the  bench  and  shears  away  adher- 
ing skin,  tar  marks,  rough  edges,  and  clogs,  then  cuts  the  fleece  in  two 
halves.  One  half  is  laid  head  and  tail  along  the  bench.  Going 
swiftly  over  the  woolly  surface,  he  picks  out  the  kemps,  which  are 
easily  recognizable  by  their  hard  glitter,  and  then  begins  to  sort. 
With  deft  fingers  he  picks  out  handful  after  handful,  selecting  each 
sort,  and  throwing  it  into  the  appropriate  scoop  or  basket.  At  the 
bench  it  must  be  admitted  we  hardly  take  the  scientific  theory  of 
sorting  literally.  In  ordinary  work  the  fleece  is  seldom  divided  into 
more  than  seven  qualities,  and  very  often  only  five  sections  are  made. 
German  and  Botany  fleeces  are  merely  skirted  for  counts  up  to  60s; 
for  higher  counts  a  closer  gradation  is  observed.  To  get  the  most 
out  of  any  fleece,  however,  the  scientific  system  of  sorting  is  the  best. 

Wool  Steeping. — Dirty,  greasy  wools  should  always  be  steeped 
(fig.  36)  before  scouring.  Imported  wools  especially,  or  wools  which 
have  lain  long  in  the  grease,  develop  acidity  and  hardness.  Warm 
water  will  wash  away  the  acids  and  dissolve  the  lumps  without  aflect- 
ing  the  fibres  otherwise.  A  handy  steeping  apparatus  has  been 
devised  for  the  purpose.  It  consists  mainly  of  a  double-bottomed 
tank,  with  a  system  of  pipes  which  cause  steam  and  hot  water  to 
perform  a  circulatory  movement.  Between  the  false  and  the  true 
bottom  of  the  tank  there  is  a  space  of  4  in.,  and  into  this  space  the 
steam  is  led.  The  false  bottom  is  perforated  to  let  the  dirt  down  and 
the  steam  up.  Laid  in  the  tank,  the  wool  is  permeated  by  the  steam 
as  it  rises,  and  the  dirt  and  acids  washed  out. 

Few  establishments  have  adopted  steeping;  but  that  it  is  of  advan- 
tage admits  of  little  doubt.  For  one  thing,  the  saving  of  time  and 
material  in  the  scouring  operation  by  this  means  would  alone  seem 
to  justify  the  general  adoption  of  the  apparatus.  The  acids,  hard 
lime,  and  matted  dirt  in  the  wool,  are  so  far  removed  as  to  lessen  the 
time  and  materials  required  in  scouri-ng,  the  wool  being  opened  out 
to  receive  the  detergents. 
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Scouring. — The  scouring  or  washing  of  wool  effects  a  very  great 
change  both  in  its  bulk  and  character.  Our  analysis  has  shown  that 
of  I  lb.  of  raw  fibre  only  31  percent  is  pure  wool;  the  rest  is  earthy 
matter,  yolk,  and  grease,  all  of  which  must  be  removed.  Imperfectly 
scoured  wool  gives  trouble  to  everyone  who  subsequently  handles  it. 
The  carder,  the  spinner,  the  dyer,  and  the  weaver  all  feel  the  effects 
of  bad  scouring.  The  hard  limy  particles  which  coat  the  wool  and 
reside  in  the  yolk,  if  imperfectly  removed,  resist  the  dyer's  mordants 
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Fig.  36.— Wool-steeping  Apparatus 


A,  B,  c,  D,  E,  Parts  of  the  water  circulatory  system,  f,  Settling  and  feed-water  tank,  g,  h,  i,  j,  Parts  of 
the  steam  circulatory  system,  s,  s,  s,  Steepers  (dotted  line  shows  perforated  tray  through  which  the  steam  is 
driven),     w,  w,  w,  The  water  tanks. 


SO  that  he  can  get  no  true  colour  on  the  fibres;  make  the  yarn  harsh 
and  uneven  in  spite  of  the  spinner;  and  produce  stiff,  unkind  cloth 
after  the  weaver  has  done  his  best. 

Wool,  properly  cleansed,  is  a  pure  fibre,  and  all  our  methods  of 
manufacture  proceed  upon  that  basis.  In  its  pure  state  the  fibre  is 
soft,  fine  in  texture,  clinging,  takes  on  dye  readily,  and  spins  into 
an  even  thread. 

Scouring  Liquors. — Various  detergents  are  used  for  wool  scouring. 
Before  chemistry  came  to  the  aid  of  the  wool  industry,  stale  urine  was 
the  agent  most  commonly  used ;  but  it  was  always  felt  to  be  an  unclean 
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means  of  attaining  cleanliness.  An  early  substitute  was  ammonia; 
but,  though  a  very  good  agent  for  soft  and  tender  wools,  it  was  found 
far  too  weak  for  general  purposes.  Another  agent  brought  early  into 
use  was  carbonate  of  soda;  but  the  corrosive  action  of  this  chemical 
on  animal  fibres  is  such  as  to  make  it  harmful  to  all  but  the  very 
coarsest  of  wools.  Soda  not  only  makes  the  fibres  harsh  and  brittle, 
but  it  also  gives  the  wool  a  yellow  tinge  even  before  other  harm  has 
been  done.  The  best  materials  in  common  use  are  potash  soap  and 
silicate  of  soda.  With  careful  treatment  the  latter  is  a  cheap  and 
serviceable  detergent;  but  the  silicate  must  be  washed  out  quickly 
with  warm  water  and  thoroughly  expressed,  or  it  coats  the  fibres, 
rendering  dyeing  almost  impossible.  Where  there  is  no  stint  of 
warm  water  and  good  workmanship,  silicate  of  soda  may  be  success- 
fully used.  The  best  and  safest  scouring  agent,  however,  is  potash 
soap  strengthened  with  about  one-sixteenth  pearl  ash.  Many  patent 
detergents  are  sold  ready-made,  and  the  better  qualities  of  these  are 
normally  efficient;  but  each  factory  and  district  has  its  own  peculiari- 
ties, which  must  be  studied  if  the  best  results  are  to  be  obtained. 

Heat  and  water  are  agents  in  scouring  which  require  the  closest 
attention.  The  water  must  be  warm,  but  it  is  easy  to  err  on  the  side 
of  overheating.  Aided  by  a  high  temperature,  strong  alkalis  act  as 
solvents  of  wool.  The  coarser  wools  are  the  more  readily  dissolved ; 
therefore  the  heat  must  be  proportioned  to  the  quality  of  the  fibres. 
For  coarse  wools  the  temperature  of  the  scouring  liquor  should  range 
from  90°  to  130°  F. ;  fine  wools  may  be  scoured  in  a  liquor  about 
120°  F.,  and  sometimes  as  high  as  142°  F. 

The  kind  of  water  influences  to  a  considerable  degree  the  kind  and 
efiiciency  of  the  scouring  liquor.  As  is  well  known,  soft  water  dissolves 
soap  more  readily  than  hard  water.  A  soft  water  is,  for  that  reason 
alone,  more  economical,  using  up  every  particle  of  pure  soap,  while 
the  hard  water  curdles  and  hardens  a  large  proportion  of  the  fatty 
ingredients.  But  there  is  another  element  in  the  case.  Lime  is 
generally  the  hardening  matter  in  water,  and  lime  forms  with  soap 
stearate  of  lime,  or  lime  soap,  insoluble  in  water.  This  soap  coats 
the  fibres,  and  can  only  be  removed  with  great  difficulty.  A  good 
method  of  softening  hard  water  is  to  store  it  in  tanks  and  add  a  small 
quantity  of  refined  carbonate  of  potash ;  the  carbonate  precipitates  the 
lime. 

Tests. — To  ascertain  the  amount  of  lime  in  the  water  take  i  oz. 
of  carbonate  of  potash  to  about  i  gal.  of  water,  and  let  stand  for  a 
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time.  The  lime  sinks  to  the  bottom  of  the  vessel  and  can  be  measured. 
Another  test  is  to  mix  in  a  quantity  of  soap  of  known  strength  with 
the  water;  the  amount  of  soap  required  for  saponification  determines 
the  relative  hardness  of  the  water. 

A  good  soap  contains  about  34  per  cent  of  water;  but  the  material 
may  be  made  to  carry  a  far  larger  quantity.  To  discover  the  quantity 
of  water,  cut  off  some  parings  of  the  soap,  weigh,  and  place  in  an  oven. 
When  the  water  has  evaporated,  and  the  soap  is  a  dry  crumbling  mass, 
weigh  again.  The  difference  in  the  weights  tells  the  amount  of  water 
in  the  soap.  Few  materials  are  so  frequently  adulterated  as  soap. 
Most  adulterants  can  be  detected  by  immersing  the  soap  in  heated 
alcohol;  the  spirit  dissolves  the  soap  and  leaves  the  adulterants  un- 
touched.    For  exhaustive  analyses  of  water  and  soap,  see  Bleaching. 

The  nature  of  the  scouring  liquor  may  be  tested  in  a  very  simple 
way.  Take  the  proposed  ingredients  of  the  liquor  and  make  up  into 
a  liquid  about  the  consistency  of  milk.  If  it  feels  soft  and  silky  to  the 
touch  and  readily  saponifies,  the  composition  is  likely  to  be  efficient. 
Next  take  a  small  portion  of  the  wool  to  be  scoured  and  dip  it  in  the 
solution;  if  the  fibres  part  readily  from  the  impurities  and  feel  soft, 
the  liquor  is  of  the  proper  mixture. 

Hand  Scouring. — Excepting  for  small  quantities  of  wool,  designed 
for  special  purposes,  hand  scouring  is  seldom  practised  at  the  present 
day,  but  the  method  exhibits  clearly  the  principle  of  scouring.  The 
hand  scourer  has  two  tubs,  one  for  scouring  and  one  for  rinsing. 
These  tubs  are  practically  similar  in  construction,  about  5  ft.  in 
diameter  and  5  ft.  deep.  A  false  bottom  of  perforated  wood  or  metal 
is  fixed  8  in.  from  the  tub  bottom,  so  as  to  be  removable.  The  dirt 
accumulates  in  the  space  between  the  two  bottoms.  An  inch  or  two 
under  the  false  bottom  a  pipe  is  let  into  the  tub  for  admitting  the 
heating  steam.  The  liquor  having  been  poured  in,  and  brought  to 
the  proper  temperature,  the  wool  is  fed  softly  among  the  liquid.  The 
tub  should  not  be  crowded.  With  a  wooden  fork  the  scourer  keeps 
the  fibres  in  motion,  opening  them  up  to  the  action  of  the  detergent, 
avoiding  all  dragging  and  twisting.  When  the  wool  is  sufficiently 
clean,  it  is  lifted  on  to  a  slanting  scray  fixed  above  the  tub  at  one 
side  and  there  allowed  to  drip. 

Sometimes  the  scoured  fibres  are  put  through  a  pair  of  squeezing 
rollers,  to  express  the  liquor,  before  being  passed  into  the  rinsing 
tub;  but  the  practice  never  was  common.  The  temperature  of  the 
water  in   the   rinsing   tub  should    be  carefully   regulated    by   the   heat 
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of  the  scouring  liquor,  as  a  sudden  change  from  heat  to  cold  is  not 
advisable.  The  rinser  carefully  souses  the  fibres  in  the  water,  work- 
ing them  with  the  fork,  till  every  vestige  of  liquor  has  been  removed. 
Laid  on  the  scray  to  drip,  or  passed  through  the  squeezing  rollers, 
the  wool  is  made  ready  for  drying. 

Machine  Scouring. — To  scour  the  wool  passed  through  a  modern 
factory  by  hand  is  next  to  impossible.  Machines  are  needed  and 
several  kinds  of  machines  have  been  invented.  Probably  the  machine 
which  best  ernbodied  the  scientific  principles  of  scouring  was  one 
noted  by  the  Scientific  American  in  1889,  and  named  the  "Pulsatory 
Wool-washing  Machine",  in  which  scouring  liquor  and  wool,  after 
being    brought    into    contact,    were    carried    by    alternate    pulsations 


Fig.  37. — Wool  Scouring 
A,  Feed  sheet.     B,  Perforated  immerser  plate,     c,  Prong  frame,     d,  Squeezing  rollers,     e,  Revolving  buckets. 

through  a  long  tube.  But  the  invention  failed  to  commend  itself 
to  practical  men  in  this  country,  and  as  at  first  presented  it  was 
rather  crude.  The  form  of  machine  preferred  by  British  wool  manu- 
facturers is  a  long  tank  (fig.  37),  equipped  with  some  form  of  mechanical 
sousing  and  forking  apparatus.  The  rivalry  between  the  reciprocat- 
ing swing  rakes  and  the  oscillating  transverse  prongs  need  hardly 
concern  us;  the  makers  of  the  latter  assert  that  the  prongs  carry 
forward  the  wool  without  causing  felting  and  stringiness  in  the  fibres, 
but  the  friends  of  the  reciprocating-fork  machines  deny  the  implied 
impeachment. 

Wherever  possible,  three  scouring  machines,  ranged  one  after  the 
other,  should  be  employed.  The  bowls  or  tanks  are  16  ft.  long  by 
6  ft.  broad.  At  one  end  of  the  first  tank  is  a  feeding  lattice  which 
automatically  brings  forward  the  wool.  Within  the  tank,  and  moving 
up  and  down  with  the  feed,  is  the  immerser  or  sousing  plate — a  per- 
forated sheet  of  metal  which  presses  the  wool  down  under  the  liquor. 
The    immerser    lifts   automatically,    and    the    fibres   are   brought    into 
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contact  with  the  forking  apparatus,  which  sways  and  pulls,  lifts  and 
drops,  the  wool,  opening  it  out  to  the  permeation  of  the  liquor,  and 
slowly  carrying  it  forward  to  the  end  of  the  tank.  At  this  end  we 
find  a  pair  of  heavily  clothed  squeezing  rollers,  and  a  set  of  revolv- 
ing buckets  underneath,  while  the  immersion  plate  of  the  next  bowl 
comes  up  to  take  the  wool  down  as  it  falls  from  the  squeezing  rollers. 
The  revolving  buckets  catch  the  liquor  squeezed  from  the  wool  and 
lift  it  back  into  the  bowl.  A  weaker  liquor  is  in  the  second  bowl, 
and  there  the  process  described  is  repeated.  The  third  bowl  contains 
pure  water. 

Like  the  steeping  tanks,  the  bowls  of  the  scouring  machines  have 
false  bottoms,  about  9  in.  from  the  real  bottoms,  made  of  perforated 
copper.  The  liberated  dirt  and  grease  falls  through  the  holes,  while 
the  wool  passes  along. 

The  Scouring  Operation. — In  preparing  the  scouring  liquor  we 
have  to  keep  in  view  the  kind  and  quality  of  the  wool ;  but  for  the 
average  greasy  fleece  the  following  mixtures  come  near  the  mark: 
First  trough,  6  gal.  of  liquid  potash  soap,  mixed  with  a  strengthening 
amount  of  pearl  ash;  second  trough,  3  gal.  liquid  potash  soap,  and 
smaller  proportion  of  pearl  ash;    third  trough,  pure  tepid  water. 

The  wool  passes  gradually  along  the  first  trough,  into  the  second, 
and  through  the  third,  emerging  clean  and  white.  As  the  first  bowl 
receives  the  wool  in  its  dirtiest  state,  and  takes  most  of  the  ingredients 
away,  the  liquor  must  be  quickest  exhausted  and  befouled.  It  therefore 
requires  to  be  first  renewed.  It  is  a  good  plan  to  empty  bowl  No.  i, 
pour  into  it  the  contents  of  bowl  No.  2,  and  add  to  it  3  gal.  of  liquid 
potash  soap  and  pearl  ash  to  bring  up  to  full  strength.  Next  transfer 
the  contents  of  trough  No.  3  into  No.  2,  and  fill  the  empty  bowl  with 
pure  warm  water.  An  economy  of  time,  labour,  and  material  is  thus 
effected,  without  loss  of  efficiency. 

What  Scouring  Does. — Washing,  in  the  ordinary  sense,  calls  up 
visions  of  scrubbing,  rubbing,  sousing,  and  wringing.  Wool  washing, 
or  scouring,  is  the  very  opposite  of  all  that.  The  detergent  liquor 
is  specially  concocted  to  carry  away  all  dirt  and  grease  from  the 
wool  by  its  own  action.  If  the  fibres  of  the  wool  are  rubbed  and 
dragged,  they  are  sure  to  felt  together  and  form  tangled  strings  which 
only  severe  labour  can  unloose.  The  matted  fibres  prevent  the  liquor 
from  getting  at  some  parts  of  the  wool,  with  the  consequence  that  much 
grease  remains.  By  the  gentle  action  of  the  forking  apparatus  the 
wool  is  kept  open,  so  that  the  liquor  permeates  every  fibre,  and  takes 
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away  all  impurities.  When  the  wool  comes  from  the  last  bowl  of 
the  scouring  machines,  it  should  be  a  pure  fibre,  soft,  lustrous,  elastic, 
and  free  to  the  touch. 

Utilizing-  the  Waste  Liquors. — One  third  of  the  weight  of  raw 
wool  goes  down  under  the  false  bottoms  of  the  scouring  bowls;  add 
to  that  the  spent  liquors,  and  you  have  a  large  amount  of  material. 
The  yolk  and  grease  of  the  wool  and  the  potash  of  the  scouring 
liquor  are  valuable  and  yield  materials  of  value.  Mingled  with  dirt 
and  water  as  they  are,  nothing  can  be  done  with  them;  but  the  dirty 
refuse  can  be  separated  from  the  valuable  ingredients.  Some  manu- 
facturers run  the  whole  of  the  waste  into  settling  tanks  in  the  open 
air;  but  up-to-date  factories  have  a  complete  recovery  plant.  One 
of  these  will  illustrate  the  method  of  all.  Below  the  level  of  the 
scouring  machines  is  a  large  settling  tank,  and  here  the  heavier 
ingredients  are  allowed  to  sink  to  the  bottom.  Then  the  liquor  is 
pumped  up  into  the  highest  of  a  set  of  settling  tanks  arranged  in 
a  descending  series.  Sulphuric  acid  is  added  to  the  liquor,  which 
is  heated  by  injections  of  steam.  The  acid  separates  the  grease  from 
the  potash,  and  three  layers  form  in  the  tank — the  grease  on  the  top, 
water  and  suspended  potash  underneath,  and  a  mixture  of  'earthy 
matters  and  grease  at  the  bottom.  Skimming  the  grease  off  the  top, 
we  run  the  liquid  into  the  tank  below.  In  order  to  recover  the 
potash  and  the  acid,  the  temperature  of  the  tank  is  raised  and  more 
sulphuric  acid  added.  Each  ingredient  separates,  and  is  drawn  off 
by  stopcocks  at  different  levels  in  the  side  of  the  tank.  The  recovered 
potash  is  used  again  in  making  up  the  scouring  liquor,  and  the 
sulphuric  acid  goes  back  into  the  first  tank  to  act  once  more  as  the 
agent  of  separation. 

The  recovered  grease  may  be  purified  in  various  ways.  A  simple 
plan  is  to  drain  it  in  shallow  filters,  cut  into  square  blocks,  press 
under  heat,  and  make  up  for  the  soap-makers.  The  oil  recovered  by 
the  pressure  is  useful  for  softening  rags  going  into  the  grinding 
machines,  and  for  other  purposes  of  like  nature. 

Manufacturers  who  deal  with  large  quantities  of  greasy  wools 
adopt  a  more  elaborate  but  more  profitable  method.  After  standing 
in  the  filters  for  a  time,  the  masses  of  grease  are  run  into  a  slip 
press,  in  which,  under  cold  pressure,  the  water  is  squeezed  out. 
Wrapped  up  in  cloths,  the  grease  is  transferred  to  a  hot  press,  into 
which  steam  is  introduced  at  ordinary  pressure.  Melted  out,  the 
grease  flows  down   into  a  tank,  accompanied  by  a  small  amount  of 
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condensed  water  and  dirt,  while  the  hard  residuum  remains  in  the  press 
to  be  shaped  into  what  are  called  siid  cakes,  sold  as  manure.  The 
dirt  and  water  settle  to  the  bottom,  and  while  yet  liquid  the  grease 
is  ladled  into  lead-lined  vessels  and  searched  thoroughly  with  sul- 
phuric acid  for  traces  of  water.  Solidified  in  a  press,  the  grease  is 
barrelled  for  the  soap  manufacturers,  by  whom  it  is  highly  valued 
and  employed  in  the  making  of  certain  medicinal  soaps. 

Wool  Drying. — Like  every  other  practical  worker,  the  wool  manu- 
facturer is  governed  by  economic  conditions  and  continues  to  use  old 
methods  and  machines  long  after  better  ones  have  been  devised,  if 
the  adoption  of  the  novelties  is  not  imperatively  demanded.  New 
and  old  machines  jostle  each  other  in  many  factories,  and  it  would 
be  altogether  false  to  represent  a  live  industry  as  being  carried  on 
wholly  by  the  latest  inventions.  Wool  drying  gives  us  a  case  in 
point.  Great  advances  have  been  made  in  this  department;  very 
fine  machines  have  been  invented  and  continuously  improved;  but 
the  old  methods  are  still  practised  in  factories  neither  slow  nor  old- 
fashioned. 

In  some  establishments  a  drying  room  is  built  above  the  boiler 
house.  The  floor  is  perforated  iron,  to  let  through  the  heat  from 
the  boilers  below,  and  fans  are  employed  to  keep  up  a  constant 
current  of  air.  On  the  floor  the  wet  wool  is  spread  in  thin  layers 
and  every  now  and  then  raked  over  to  distribute  the  heat  equally 
through  the  fibres.  Strict  precautions  are  adopted  to  prevent  the 
floor  from  overheating,  and  constant  attention  obviates  the  chances 
of  unequal  drying. 

Though  an  efficient  method  of  drying,  this  has  obvious  disad- 
vantages, depending  too  much  on  the  care  and  skill  of  wage-paid 
labour  To  meet  the  need  a  drying  frame  was  invented.  This  con- 
trivance resembles  in  appearance  a  range  of  small  houses,  with  a 
continuous  wire  roof  with  funnels  for  chimneys.  On  the  floor  zigzag 
pipes  extend,  whilst  in  the  midst,  on  shafting  hung  from  end  to  end, 
and  driven  by  outside  pulleys,  several  fans  revolve,  drawing  the 
air  down  the  funnels  on  to  the  heated  pipes,  and  sending  it  out 
through  the  wire  roofs.  Spread  evenly  and  thinly  over  the  wires, 
the  wool  is  subjected  to  the  constant  stream  of  warm  air.  The 
under  layers  of  wool  receive  the  heat  in  larger  proportion;  but  the 
workers  turn  the  fibres  over,  and  thus  distribute  the  heat.  If  care- 
fully attended  these  drying  frames  do  good  work,  producing  from 
2000  to  3000  lb.   of  dry  wool  in  a  day  of  ten  hours. 


THE    PREPARATION    OF   WOOL 


143 


Another  machine,  invented  by  Moore,  of  Trowbridge,  and  since 
greatly  improved  by  the  makers,  adopts  the  continuous  feed  and 
dehvery  system.  Taking  the  original  invention  first,  because  it  is  still 
used  by  a  large  number  of  manufacturers,  we  note  that  it  is  a  small 
chamber,  with  doors  at  each  end,  and  fully  occupied  by  the  drying 
apparatus,  which  consists  of  two  sets  of  steam  pipes,  above  each  of 
which  a  series  of  rollers  revolve  transversely,  and  at  the  end  a  spiked 
drum.  On  the  top  of  the  chamber  is  a  pair  of  funnels,  containing 
exhaust  fans  to  send  currents  of  air  through  the  machine.  One 
machine  can  contain   100  lb.  of  wool.     The  wet  fibres  are  fed  in   at 


Fig.  38.— Patent  Wool  Dryer 

A,  Feed  lattice,     b,  Feed  rollers,     c,  Creeper  wool  carriers.     D,  Slanted  guide  plates.     E,  Delivery  rollers, 
r,  Heater.     G,  Fan.     Arrows  show  direction  of  air  currents. 

the  front  door  and  the  rollers  carry  them  along  over  the  lower  series 
of  steam  pipes.  As  the  wool  reaches  the  end  of  the  rollers  the  spikes 
of  the  revolving  drum  catch  and  throw  it  up  on  to  the  higher  set  of 
rollers,  which  bring  it  to  the  original  starting-point,  where  it  drops 
down  to  be  carried  along  again.  In  about  twenty  minutes  the  wool 
is  dry,  and  the  door  at  the  end  of  the  chamber  is  opened.  Instead 
of  sending  the  fibres  up,  the  drum  throws  them  out  through  the 
open  door.  From  3000  to  5000  lb.  of  wool  can  be  dried  in  a 
day  on  this  machine. 

The  newer  form  of  wool-drying  machine  (fig.  38)  shows  much 
improvement.  Feed  and  delivery  are  continuous,  and  it  may,  if 
desired,  be  placed  immediately  behind  the  scouring  machines.  Under 
the  floor  level  a  tubular  heater  with  air  fan  is  placed,  sending  a 
continuous  current  of  heated  air  up  through  the  apparatus.     Stretched 
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from  one  end  of  the  chamber  to  the  other,  endless  lattices  revolve 
on  square-sided  rollers.  The  wet  wool  is  fed  into  the  topmost  lattice 
band  and  carried  along  to  the  end,  where  it  drops  and  is  caught  on 
a  slanting  plate  which  guides  it  on  to  the  moving  lattice  below.  Thus 
from  one  level  to  the  other  the  wool  traverses  the  whole  depth  of  the 
machine,  and  is  finally  delivered  on  to  the  floor  as  dry  as  possible; 
20  ft.  long,  4  ft.  wide,  and  11  ft.  high,  the  machine  affords  ample 
space  in  which  to  dry  the  fibres  efficiently.  Fed  in  a  loose  condition, 
and  subjected  to  neither  pressure  nor  friction,  the  wool  dries  readily. 
By  regulating  the  speed  of  the  air  fan  and  the  pressure  of  steam  in 
the  heater  we  can  raise  or  lower  the  temperature  as  may  be  neces- 
sary. For  all  classes  of  wools  this  machine  is  one  of  the  best  dryers 
in  operation. 

Opening  or  Teasing  Wool.— Being  soft,  curling,  and  clinging, 
the  wool  fibres  intertwine  and  hold  on  to  each  other  in  masses  very 
difficult  to  disentangle.  While  sorting,  scouring,  and  drying  we 
do  our  utmost  to  avoid  confirming  and  hardening  the  tangles,  but 
little  or  nothing  is  done  to  loosen  them.  Wool  is  the  easiest  of 
textile  fibres  to  open  out,  because  it  is  strong,  flexible,  and  has  a 
length  of  staple  ranging  from  2|  in.  up  to  12  in.  Cotton  opening  is 
a  more  detailed  process — these  fibres  being  short,  fine,  delicate,  and 
soft, — and  more  is  to  be  learned  from  it.  Wool  opening  is  a  purely 
mechanical  and  straightforward  operation.  In  main  structure  all 
openers  (fig.  39)  are  alike.  Travelling  lattice  feed  board,  with  weigh 
bridge  to  regulate  the  supply  of  fibre;  fluted  feed  rollers  to  draw  in 
the  wool;  banded  cylinder  with  rows  of  curved  spikes;  two  or  three 
spiked  rollers  working  over  the  main  cylinder;  receiving  cage,  blow- 
ing fan,  and  delivery  lattice  at  the  end — these  make  up  the  working 
parts  of  the  common  willow  or  opener. 

The  wool  is  fed  on  to  the  travelling  lattice,  which  is  tilted  out 
ot  gear  till  the  proper  weight  of  wool  has  been  laid  on;  the  weight 
attained,  the  lattice  comes  to  the  level  of  the  feeding  rollers,  which 
draw  in  the  fibre.  Whirling  round  at  the  rate  of  400  to  500  revolutions 
per  minute,  the  cylinder  catches  the  wool  on  its  bands  of  curved  spikes, 
giving  the  fibres  a  drag  from  the  slower-moving  feed  rollers.  As  it 
comes  round  on  the  cylinder  the  wool  is  brought  into  contact  with  the 
spikes  on  the  worker  rollers  at  the  head  of  the  machine,  turning  at 
the  slow  rate  of  30  to  40  revolutions  a  minute,  and  these  firmly  but 
gently  pull  the  tufts  apart.  Between  these  opposing  forces  the  fibres 
are  opened  out,  and  fall  on  the  grid  below,  letting  drop  much  rubbish. 
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When  sufficiently  opened,  the  fibres  are  sent  flying  into  the  cage  at 
the  back,  and  there  are  blown  upon  by  the  fan  to  be  cleared  of  remain- 
ing dust.  In  a  loose,  clean,  fluffy  condition  the  fibres  are  borne  out 
by  the  delivery  lattice. 

Burring'. — On  the  pastures  where  sheep  are  fed  many  kinds  of 
weeds  and  wild  plants  grow,  the  seeds  of  which  mingle  in  the  fleece. 
Some  seeds,  like  those  of  the  burdock,  are  coated  with  sharp  prickles 
and  cling  firmly  to  the  fibres.  Few  wools  are  wholly  free  from  some 
kind  of  burr,  but  the  South  American  wools  are  specially  troublesome 


Part  Elevation  to  show  feed  Section 

Fig.  39. — Willow  or  Teaser  for  Wool:  Side  Delivery  (John  Sykes  &  Son) 

A,  Feed  lattice.  B,  B,  Feed  rollers,  c,  Cylinder  armed  with  spikes.  D,  D,  D,  Spiked  rollers.  E,  Blowing 
fan.  F,  Delivery  lattice,  g,  g,  g,  Gratings  through  which  the  dust  passes,  h,  Weight  to  bring  the  hinged 
grating  in  position. 

on  that  account.  Removal  of  the  seeds  is  imperative;  leave  but  a 
few  of  them  in  and  they  will  trouble  the  workers  at  every  stage  of 
the  manufacturing  process,  and  appear  in  the  finished  cloth  as  a 
surprising  multitude  of  pricks,  almost  invisible  to  the  naked  eye, 
but  painfully  sharp.  This  has  been  one  of  the  most  difficult  problems 
involved  in  wool  preparation,  and  many  solutions  have  been  proposed. 
Chemical  processes  have  been  devised,  in  which,  by  the  use  of  acids, 
the  burrs  have  been  destroyed.  On  the  other  hand,  machines  for  the 
removal  of  the  burrs  are  preferred,  because  of  the  injurious  action  of 
the  acids  on  the  wool.  Perhaps  those  manufacturers  who  use  large 
quantities  of  Buenos  Ayres  wools  would  find  it  most  profitable  to 
adopt   the   system   devised   by    Messrs.    Whiteley   &    Sons,    of  Lock- 
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wood,    near   Huddersfield.      This    is   a   combination    of  the   chemical 
and  mechanical  methods. 

Process  for  Burr  Extraction.  —  i.  The  wool  is  placed  in  a  wood 
latticed  cage  and  immersed  in  a  bath  of  vitriol  and  water  for  about 
half  an  hour.  2.  By  means  of  a  hydro-extractor  (fig.  40)  the  super- 
fluous acid  is  driven  out  of  the  steeped  wool.  3.  Partially  dried,  the 
fibres  are  subjected  to  a  temperature  of  200°  F.  in  a  baking  machine, 
and  all  the  vegetable  fibres,  previously  killed  by  the  acid,  are  reduced 
to  ashes  ready  to  crumble  and  fall  away.  4.  Now  the  wool  goes  into 
the  burr-crushing  machine,  which,  because  doing  only  part  of  the 
work,  is  much  simpler  than  the  ordinary  burring  machine.     A  lattice 

apron  conveys  the  wool 
into  the  grip  of  the  first 
pair  of  fluted  rollers,  and 
thence  in  between  the 
second,  third,  and  fourth 
pair  of  fluted  rollers.  As 
each  consecutive  pair  of 
rollers  is  driven  at  higher 
speed  than  the  pair  preced- 
ing, the  wool  is  gradually 
opened  out,  laying  bare 
the  burrs,  and  crushing 
them  in  passing  through. 
Close  to  the  fourth  pair  of  rollers  a  batter  is  arranged  to  beat  the  wool 
as  it  leaves  them,  and  shake  out  the  pulverized  vegetable  matters.  The 
batter  is  enclosed  in  a  perforated  cage,  with  an  exhaust  fan  attached 
which  withdraws  all  the  dust  or  broken  vegetable  matter,  and  leaves 
the  wool  very  clean.  5.  The  fibres  are  rinsed  in  a  bath  of  soda 
and  water,  to  neutralize  the  remaining  traces  of  acid,  and  prevent  it 
from  injuring  the  wool.  6.  In  the  hydro-extractor  as  much  of  the 
moisture  as  possible  is  driven  out.  7.  Lastly,  the  wool  is  passed 
through  the  drying  machine  and  emerges  dry,  clean,  and  soft,  perfectly 
free  from  all  kinds  of  vegetable  matters. 

Burring  Machine. — For  wools  comparatively  free  from  burrs,  and 
the  finer  grades,  which  would  be  seriously  injured  by  the  carbonizing 
process,  the  common  burring  machine  (fig.  41)  is  practically  sufficient. 
On  the  front  of  the  machine  is  the  travelling  feed  lattice  which  bears 
the  wool  forward  to  the  fluted  feed  rollers.  Beyond  these,  and  within 
the  machine,   is  the  licker-in,  a  fan,   which   beats  the   fibre  down   on 


Fig.  40. — Centrifugal  Hydro-extractor  for  Carbonizing  Plant 
(Wm.  Whiteley  &  Sons) 
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to  a   travelling-   lattice  sheet.       The    lattice  sheet   carries  the  wool    to 
where  a  roller  brush   is  swiftly  running  and  spreading  the  fibres  on 


Fig.  41. — Burring  Machine 

A,  Feed  lattice.      B,  Licker-in.     c,  Carrying  lattice.     D,  Carrying  roller  brush.      E,  Comb  cylinder.      F,  Fan  clearer  for 
wool.     G,  Workers  and  strippers.     H,  Burring  blade.     I,  Spiral  roller,     j,  Beater  roller.     K,  Beater  for  burrs. 


to  the  main   cylinder  armed  with  serried   rows  of  pointed  teeth.      A 

pair   of  spiral-bladed    burr   rollers,    each   guarded    by   a   steel    ledger 

blade,  act  on  the  material  caught  in  the 

teeth  of  the  cylinder,  smoothing  out  the 

fibres  and  drawing  off  the  burrs.     The 

workers  and  strippers  have  helped  to  open 

out  the  wool  for  the  burring  tools,  while 

the  burr-beater  behind   the  beater-roller 

sends   the    burr  on    to   the  grid    below. 

Once  again,  and  again,  the  cylinder  takes 

up  the  fibres,  till  it  seems  that  the  last 

spike  of  burr  has  been  cleared  off;  then 

the  delivery  apparatus    is    brought   into 

play.     The  swiftly  revolving  fan  clearer 

takes    the    wool    off    the    cylinder    and 

drops  it  into  the  box  at  the  end  of  the 

machine. 

In   some  makes  of  burring  machine 
the  spiral-bladed  rollers  and     ledger  blades  are  displaced   by  a  roller 
armed  with  long  spikes,  which  knocks  the  burrs  on  to  the  grid.     The 
more  complex  machine,  however,  is  the  better  in  this  case. 


Fig.  42. — Details  of  Burring  Machine 
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Blending. — There  are  a  good  many  reasons  for  blending  wools. 
Suppose,  for  instance,  we  have  gathered  in  one  batch  the  lower  sorting 
numbers  of  the  best  kind  of  fleece — No.  i,  say,  of  Botany — the  wool 
must  be  gathered  from  a  great  many  fleeces.  No  two  fleeces  are 
ever  exactly  alike  in  every  particular;  shades  of  difference  are  bound 
to  occur.  It  is  quite  common  to  find  one  fleece  showing  steely  white, 
and  another  shading  rather  to  gold,  though  both  are  white  and  of  pure 
colour.  In  length  of  staple,  fineness  of  hair,  crimpiness,  the  gradations, 
even  among  the  finest  wools,  range  in  all  directions.  The  only  way  of 
obtaining  a  common  level  of  uniformity  is  to  combine  differences; 
thorough  intermixture  obscures  special  diff^erences  and  brings  out  the 
qualities  common  to  the  whole.  Combination  of  diff^erences  to  obtain 
uniformity  is  a  principle  which  is  of  great  service  in  all  branches  of 
textile  manufacture,  and  should  be  carefully  noted. 

The  blending  of  wools  belonging  to  the  same  class  and  equal 
sorting  numbers,  however,  is  only  the  simplest  example  of  the 
practice.  It  is  possible,  by  combining  fibres  of  various  kinds  or 
qualities,  to  produce  a  yarn  better  suited  for  a  given  purpose  than 
any  yarn  composed  of  unmixed  fibres.  Blending  is  sometimes  depre- 
cated, as  if  it  were  only  the  instrument  of  fraudulent  adulteration,  or 
a  means  of  getting  higher  than  market  value  for  inferior  fibres  by 
mixing  them  in  with  superior  kinds.  But  suppose  it  is  the  other 
way  about,  what  then?  We  cannot  hope  to  palm  off  on  any  public, 
no  matter  how  uncritical,  a  mixture  of  silk  and  wool  as  pure  silk, 
and  yet  waste  silk  is  mixed  in  with  wool  to  make  the  fine  yarns  of 
some  classes  of  ladies'  dress  cloths.  Fraud  is  always  possible  to  the 
dishonest,  but  blending  may  be  undertaken  for  honest  purposes.  It  is  a 
useful  device  and  of  service  for  any  of  the  following  objects:  i,  Mixing 
wools  of  the  same  grade  from  numerous  fleeces;  2,  bringing  wools  of 
different  grades  to  one  level  quality;  3,  blending  wools  of  different  colour 
for  mixture  yarns ;  4,  blending  wools  and  waste  silk ;  5,  mixing  vegetable 
fibres,  commonly  cotton  and  jute,  with  wool ;  6,  blending  raw  wools 
with  manufactured  fibres,  such  as  noils,  shoddy,  mungo,  and  extract. 

I.  Blending  Wools  of  the  Same  Grade. — In  nearly  every  case  the 
first  operation  of  blending  is  done  by  hand.  The  wool  is  laid  out  in 
square  layers  and  piled  up  to  form  a  stack.  Oiling,  the  theory  and 
methods  of  which  will  be  explained  presently,  may  be  done  at  the 
same  time.  Upon  each  layer  of  wool  the  oil  is  spread  with  a  spray- 
ing can.  After  being  stacked  the  wool  is  raked  down  in  thin  vertical 
slices  and  mixed  in  a  heap  on  the  floor. 
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2.  Combining  Wools  of  Different  Grades. — The  mixing  of  these 
fibres  must  be  very  intimate,  and  where  no  mechanical  means  are 
used  the  operation  of  stacking  in  layers  and  drawing  down  should  be 
repeated  once  or  twice.  It  is  seldom,  however,  that  the  machine  named 
the  ''Fearnought",  or  one  of  similar  type,  is  not  used.  For  example, 
some  of  the  tender  and  soft  Cape  wools  are  often  mixed  in  with  the 
stronger  home  wools  with  good  effect;  but  the  mixture  must  be  close, 
or  inequalities  will  show.  New  Zealand  fleeces  are  also  frequently 
blended  with  Cheviot,  or  even  Leicester,  and  produce  good,  sound 
yarns. 

3.  Blending  for  Mixture  Yarns. — A  considerable  proportion  of 
woollen  cloths  contain  mixture  yarns,  the  colours  of  which  are  pro- 
duced by  blending  dyed  wools  of  different  shades  and  colours.  Very 
pretty  effects  are  obtained  with  mixture  yarns.  If  the  blending  is 
properly  carried  through,  the  results  can  be  definitely  ascertained. 
Take,  for  example,  a  dark  heather  mixture.  2  lb.  of  green  and  2  lb. 
of  brown  blended  with  i  lb.  of  crimson  wool  make  the  material  out  of 
which  a  rich  yarn  can  be  spun.  For  the  various  greys  the  gradations 
may  be  made  either  to  light  or  dark  as  desired.  3  of  white  to  i  of 
black  gives  light-grey;  equal  proportions  of  black  and  white  make  a 
medium ;  3  to  2  of  black  to  white  give  a  dark-grey.  The  possible 
variations  are  practically  without  limit.  When  putting  down  the  layers 
for  the  first  mixing,  it  is  imperative  that  the  thickness  of  the  layers  be 
proportioned  to  the  amount  of  wool  in  each  colour.  Where  no  machine 
is  available,  the  mixing  should  be  done  in  small  batches,  raked  down, 
and  again  intermixed  two  or  three  times.  If,  as  commonly  occurs,  the 
''Fearnought"  is  used,  the  mixing  should  be  passed  through  several 
times.  The  necessary  distribution  of  the  colours  can  only  be  accom- 
plished by  repeated  mixing. 

4.  Wool  and  Silk. — Waste  silk  is  frequently  mixed  with  wool.  It 
is  necessary  to  remember  that  silk  is  a  very  fine  and  straight  fibre  ;  to 
mix  it  with  a  thick,  crimpy  wool  is  a  mistake.  Fine  wools,  such  as 
Silesia  and  Botany,  make  the  finest  blends  with  silk.  The  length  of 
the  silk  fibres  should  not  greatly  exceed  that  of  the  wool  staple.  In 
blending  for  mixture  yarns  it  is  advisable  to  make  up  the  main  body 
of  colour  with  wool  and  silk  combined,  and  the  lesser  colour  with  wool 
alone. 

5.  Wool  and  Vegetable  Fibres. — Cotton. — Many  fine  threads  are 
made  by  the  mixture  of  cotton  and  wool.  Here  a  knowledge  of  the 
diameters  of  the  fibres  is  of  great  service.     A  wool  whose  diameter  is 
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greatly  in  excess  of  the  diameter  of  the  cotton  does  not  produce  a  good 
blend;  the  cotton  fibres  only  cling  round  the  thick  wool  and  make  an 
incredibly  rough  thread.  Of  course  some  shoddy  cloths  require  rough 
threads  to  imitate  pure  woollens,  and  for  these  purposes  any  kind  of 
mixture  will  serve;  but  for  the  present  we  are  aiming  at  the  best  kind 
of  thread.  Given  fibres  of  nearly  equal  diameter,  we  have  the  elements 
of  a  perfect  blend;  but  such  an  ideal  is  not  possible  with  cotton  and 
wool.  We  have  to  be  content  with  a  mixture  which  does  not  show  too 
obviously  the  diverse  elements.  Long-stapled  cottons  and  fine  comb- 
ing wools  are  easily  blended,  and  produce  the  light  threads  woven 
into  ladies'  dress  cloths.  Rough  Peruvian  is  an  adulterant,  pure  and 
simple;  it  is  put  in  to  appear  like  wool  and  is  useful  in  imparting 
strength  and  hardness  to  soft  and  tender  wools  of  short  staple.  Cotton 
does  not  take  on  oil  without  staining,  and  a  problem  the  blender  has 
to  solve  is  how  to  oil  the  wool  without  touching  the  cotton.  A  good 
method  is  to  blend  and  oil  the  wool  by  itself  on  the  floor,  and  then 
to  mix  in  the  cotton  on  the  teaser. 

Jute. — At  one  time  the  woolly  appearance  of  jute  gave  colour  to  the 
idea  that  it  would  make  a  good  blend  with  wool,  and  even  supersede 
that  fibre  for  many  purposes;  but  the  essential  hardness  and  woodiness 
of  jute  has  quite  dispelled  the  idea.  Jute  takes  no  harm  from  oil,  and 
therefore  may  be  blended  freely  with  the  wool.  The  fibre  is  mostly 
used  as  an  adulterant  of  wool  for  low-grade  carpet  yarns  and  threads 
of  that  character. 

6.  Blending  Manufactured  and  Raw  Wools. — («)  Noils. — Rejected 
from  among  the  long  combing  wools  because  not  so  long  as  the  staple, 
noils  are  otherwise  good  wool,  and  may  be  put  to  any  purpose  except- 
ing the  making  of  heavy  worsteds.  Woollen  cloth  manufacturers 
value  them  highly,  and  the  tweed  manufacturers  of  the  Scottish 
Border  compete  eagerly  for  them.  In  blending  noils  it  is  well  to  keep 
them  in  the  middle  of  the  stack,  having  layers  of  Cheviot  or  other 
medium  wool  on  the  outside  till  the  noils  have  been  amalgamated. 
{b)  Shoddy. — This  kind  of  manufactured  wool  can  be  obtained  in  a 
large  variety  of  colours,  and  makes  a  handy  blend  for  weft  yarns  of 
the  mixture  class.  Blended  with  the  higher  sorting  numbers  of  almost 
any  of  our  home  wools,  it  serves  for  the  manufacture  of  low-priced 
cloths.  Shoddy  does  not  felt  well,  and  this  peculiarity  must  be  ob- 
served in  planning  the  blends,  (c)  Mimgo. — Though  shorter  in  the 
staple  than  shoddy,  mungo  is  really  a  more  serviceable  material.  It 
mixes  well  with  strong  sound  wools  both  for  yarns  and  heavy  felts. 
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The  amount  of  mungo  put  into  the  blend  depends  on  the  quaHty  of 
yarns  aimed  at.  For  the  wefts  of  warp-face  cloths  as  much  raw  wool 
of  a  good  body  is  put  in  as  takes  away  the  pronounced  hardness  and 
brittleness  of  the  mungo,  while  in  milling  cloths  the  mungo  is  intro- 
duced to  reduce  the  cost  of  a  yarn  which  is  to  serve  all  the  purposes 
of  a  pure  wool,  {d)  Extract. — This  material  is  often  used  pure  for 
the  wefts  of  low-class  tweeds.  It  is  harsh  and  very  unreliable.  For 
the  material  of  yarns  of  loose,  open  texture,  extract  is  mixed  with  wool. 
There  is  little  wear  in  it,  but  the  yarns  serve  well  enough  for  some 
classes  of  fancy  cloths. 

Oiling'. — The  scouring  has  taken  away  the  yolk,  which  is  the  natural 
grease  of  the  wool,  and  some  kind  of  substitute  must  be  supplied.  As 
it  comes  from  the  dryers  the  fibre  is  light,  dry,  and  intractable,  and 
after  passing  through  the  opening  and  burring  operations  it  is  still 
more  difficult  to  handle.  A  material  so  refractory  cannot  be  worked 
up  into  yarns  on  machines  so  finely  adjusted  as  the  carders,  the 
combers,  and  the  spinning  machines.  If  the  scouring  has  been  done 
well,  the  fibres  are  absolutely  naked;  if  the  opening  has  been  properly 
accomplished,  they  are  separated.  Before  going  further,  the  wool  must 
be  clothed  and  some  measure  of  its  clinging  property  restored.  Water 
seems  the  most  natural  medium,  but  water  has  little  density,  and  causes 
the  fibres  to  adhere;  it  wets  without  lubricating.  Olive  oil  is  the  best 
lubricant  for  wool.  Soft,  colourless,  preservative,  easy  to  saponify, 
this  oil  causes  the  fibres  to  cling  while  maintaining  their  elasticity; 
it  clothes  the  fibres  with  a  fine  elastic  coating,  so  that  the  scaly  hairs 
glide  over  each  other,  or  rub  without  breaking,  and  yet  does  not  in 
the  least  clog.  When  the  time  comes  for  scouring  the  finished  cloth, 
the  olive  oil  comes  away  with  the  soap  or  scouring  liquor.  In  every 
way  suitable,  olive  oil  has  one  serious  drawback — it  is  costly.  A  gallon 
of  oil  lubricates,  say,  60  lb.  of  Botany  or  merino  wool,  but  a  gallon 
costs  on  the  average  2 j".  6d.  This  involves  a  heavy  tax  on  the  lower 
grades  of  cloth.  The  coarser  wools  absorb  less  oil,  but  the  cost  still 
stands  at  a  considerable  figure,  and  a  substitute  has  been  sought. 
Fully  alive  to  the  importance  of  the  wool  industry,  oil  refiners  have 
not  been  slow  to  seek  out  the  substance  desired.  All  their  efforts  and 
the  endeavours  of  wool  students,  however,  have  not  brought  to  light 
an  efficient  and  cheap  lubricant  which  can  be  put  in  place  of  olive  oil. 
The  nearest  approach  to  success  was  in  the  discovery  of  a  substance 
now  known  as  oleine,  which,  though  much  deprecated  in  theory, 
largely  obtains  in  practice.     In  the  process  of  candle-making  the  de- 
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composition  of  the  fats  by  sulphuric  acid  produces  oleic  acid;  from  this 
acid  oleine  is  obtained  by  distillation.  In  specific  gravity  and  fluidity 
oleine  closely  resembles  olive  oil,  and,  being  a  waste  product  of  the 
candle  maker,  it  seems  a  cheap  and  efficient  substitute,  but  it  shows 
serious  defects.  Even  after  purification  the  oleine  retains  traces  of  the 
sulphuric  acid  to  which  it  owes  its  origin.  Sulphuric  acid  acts  in- 
juriously, not  only  on  the  wool,  but  also  on  the  metal  of  the  carding 
and  other  machines.  Nor  can  the  substance  be  got  rid  of  in  the 
finished  cloths  by  ordinary  methods  of  scouring;  the  greasy  feel  of 
nearly  all  cheap  cloths  is  due  to  this  fact.  Many  compositions  are 
offered  on  the  market  the  makers  of  which  claim  to  have  obviated 
these  defects ;  but  a  healthy  and  rigorous  scepticism  has  resulted  from 
experience  of  these  compositions.  In  practical  fact  the  composition  of 
the  lubricant  ranges  from  pure  olive  oil  to  pure  oleine,  with  various 
intermixtures  and  compositions,  every  factory  having  a  system  of  its 
own.  In  many  places  the  oleines  expressed  by  pressure  from  lard, 
tallow,  and  other  animal  fats,  though  obscured  by  the  cheaper  oleine 
from  the  candle  factory,  are  still  used.  We  can  only  repeat  that  olive 
oil  is  the  proper  lubricant,  and  that  all  others  are  makeshifts,  more  or 
less  cheap. 

Applying  the  Oil. — A  very  good  and  old-fashioned  method  of  apply- 
ing the  oil  to  the  wool  is  to  spray  it  over  each  layer  of  fibres  while  they 
are  being  hand-stacked  for  mixing.  For  this  purpose  a  watering  can 
serves  well  enough.  A  special  can,  with  a  fine  filter  on  the  inner  end 
of  the  spout  and  a  T-shaped  nozzle  on  the  outer  end,  is  certainly  better. 
The  filter  keeps  the  oil  pure,  and  the  cross  on  the  head  of  the  nozzle, 
closely  perforated,  distributes  a  fine  spray  of  oil.  As  each  layer  of 
wool  is  completed,  the  worker  takes  up  the  oil  can  and  drenches  the 
uppermost  fibres  well  with  the  lubricant.  A  happy  medium  between 
saturation  and  patchy  or  partial  distribution  is  to  be  aimed  at.  If  the 
oil  is  thus  applied  the  stack  should  be  allowed  to  stand  a  day  or  two, 
so  that  the  oil  may  sink  in.  The  stack  should  not  stand  too  long, 
however,  especially  if  the  cellar  is  cold  and  damp,  because  in  that  case 
the  oil  is  apt  to  coagulate. 

The  newer  method  of  applying  the  oil  is  by  a  form  of  apparatus 
fixed  on  the  fore  end  of  the  '*  Fearnought",  or  teaser.  A  few  different 
patents  have  been  taken  out  for  this  purpose.  One  of  the  simplest  is 
the  brush  distributor.  An  oil  tank  is  placed  under  the  feed  board,  and 
from  it  the  liquid  is  pumped  up  into  a  smaller  tank  on  the  top  of  the 
machine.     Thence  the  oil  is  conveyed  by  a  pipe  on  to  a  ridged  plate 
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above  a  revolving  brush.  The  brush  takes  in  the  oil  and  distributes 
it  on  to  the  wool  passing  along  the  feed  sheet  into  the  teaser.  More 
compact  is  the  apparatus  fitted  on  to  the  "Cockspur"  teaser.  Oil 
tanks  and  distributor  sit  above  the  feeding  board,  and  seem  to  give  the 
operative  a  closer  control  over  the  distribution.  In  either  case  the  wool 
should  be  passed  once  through  the  machine  with  the  oiling  apparatus, 


Fig.  43. — Fearnought,  or  Cockspur  Teaser 

A,  Feed  lattice,     b,  Feed  cylinder,     c,  Breast  cylinder,     d,  Workers  and  Strippers,     e,  Double-rimmed 

driving  wheel. 

and  once  again  in  the  oiled  condition,  to  ensure  a  thorough  assimilation 
of  the  oil. 

The  "Fearnought"  Teaser.  —  We  have  mentioned  the  *' Fear- 
nought" teaser  (fig.  43)  several  times,  but  it  is  only  the  type  of 
which  there  are  several  makes.  The  '*  Cockspur"  has  been  pre- 
ferred by  some,  but  there  is  little  difference  in  any  of  the  machines. 
The  teaser  completes  what  may  be  called  the  preliminary  preparation 
of  the  wool  fibres ;  it  is  also  the  first  of  that  large  class  of  machines, 
known  as  carders,  which  play  so  important  a  part  in  the  whole  textile 
industry.  We  may  say  that  the  teaser  is  the  link  between  the  first 
and  the  succeeding  stages  of  wool  manufacture.  It  is  therefore  of 
more  than  common  interest. 

When  the  teaser  is  working  we  see  only  a  feed  lattice  at  one  end, 
a  fan  roller  and  wool   box  at  the  other,  with  a  huge  sheet-iron  case 


Vol.  I. 


20 


J54  THE    PREPARATION    OF   TEXTILE    FIBRES 

between,  and  at  the  sides  of  the  casing  the  pulleys  of  several  rollers 
and  a  cylinder.  Stripping  off  the  iron  casing,  we  look  into  the 
machinery  it  covers.  In  the  middle  is  a  cylinder  about  4  ft.  in  dia- 
meter, clothed  with  curving  teeth  set  in  a  diamond  pattern  the  squares 
of  which  are  i  in.  in  size,  the  curve  of  the  teeth  being  in  the  direction 
of  the  surface  of  the  cylinder.  A  pair  of  feed  rollers,  set  one  above 
the  other,  sit  in  front  of  the  cylinder.  Within  touch  of  the  upper  feed 
roller  is  a  small  roller  with  teeth  closely  set,  called  a  stripper;  above 
it  is  a  larger  roller,  the  teeth  of  which  are  placed  in  exact  duplication 
of  those  on  the  main  cylinder.  Other  two  or  three  pairs  of  workers 
and  strippers,  as  they  are  designated,  alternate  round  the  whole  upper 
surface  of  the  cylinder.  At  the  back  is  the  four-winged  fan  roller,  on 
the  ends  of  whose  wings  serried  rows  of  teeth  are  set. 

Note  now  the  setting  of  the  various  rollers  to  the  cylinder  and  each 
other,  with  adjustments.  The  under  feed  roller  is  set  so  close  to  the 
cylinder  that  its  teeth  cut  into  the  circle  of  the  cylinder  teeth  to  the 
depth  of  ]/l  in.  The  upper  feed  roller  is  away  from  the  cylinder,  but 
the  teeth  of  the  stripper  above  it  catch  into  the  circle  of  its  teeth. 
Again,  the  teeth  of  the  worker  rollers  all  round  insert  themselves  into 
the  circle  described  by  the  teeth  of  the  cylinder,  but  the  spaces  between 
the  teeth  are  so  designed  that  the  one  set  never  touches  the  other.  On 
the  other  hand,  the  teeth  of  the  strippers  enter  closely  in  among  the 
teeth  of  the  workers. 

The  direction  and  relative  speeds  of  the  revolutions  of  the  various 
rollers  and  the  cylinder  have  next  to  be  taken  into  account.  Running 
at  the  rate  of  240  revolutions  per  minute,  the  main  cylinder  develops 
a  great  surface  speed.  The  workers  revolve  at  the  rate  of  20  revolu- 
tions per  minute,  and  therefore  attain  a  very  slow  surface  speed,  whilst 
the  smaller  strippers  run  at  a  vastly  higher  rate.  The  under  feed 
roller  goes  in  the  same  direction  as  the  cylinder,  but  at  a  much  slower 
rate;  all  the  other  rollers,  both  workers  and  strippers,  turn  in  the 
direction  opposite  from  the  cylinder. 

Consider  now  the  effects  of  these,  arrangements  and  devices  on  the 
wool.  Because  the  two  feed  rollers  are  set  in  different  relation  to  the 
cylinder,  they  part  the  wool  between  them.  The  under  feed  roller, 
travelling  in  the  same  direction  and  within  the  periphery  of  the 
cylinder,  but  at  a  much  slower  speed,  the  teeth  of  the  cylinder  strip 
it  bare  of  wool.  The  upper  feed  roller,  being  out  of  touch  of  the 
cylinder,  keeps  all  the  wool  to  itself;  but  the  stripper  behind  it,  tra- 
velling in  the  same  direction  more  rapidly,  unhooks  from  its  teeth  all 
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the  wool  and  throws  it  back  on  to  the  cylinder.  Thus  the  fibres  are 
divided  at  the  very  beginning.  The  worker  rollers  move  slowly,  with 
their  teeth  touching  close  on  the  surface  of  the  cylinder;  in  conse- 
quence the  cylinder  and  the  workers  part  the  wool  between  them. 
Again,  the  strippers  come  up  behind  the  workers,  take  away  the  wool, 
and  deliver  it  back  to  the  swiftly  running  cylinder.  Thus  those  agents 
pull  apart,  draw  out,  mix,  and  intermix  the  fibres.  Meantime  the 
roller  fan  blows  off  the  dust  from  the  fibres,  and  with  its  long  teeth 
doffs  the  mixed  fibres  from  the  cylinder,  depositing  them  in  the  recep- 
tacle beneath.  The  under  casing  of  the  machine  is  a  close  grid 
through  which  dust  and  rubbish  drop,  while  the  fibres  are  retained. 
In  this  way  a  wool,  cleaned,  oiled,  mixed,  and  well  opened  out,  is 
prepared  for  the  succeeding  stages  of  manufacture. 


CHAPTER    II 
The  Preparation  of  Cotton 

The  Cotton  Factory. — The  growth  of  cotton  manufacture  is  one 
of  those  developments  in  human  history  which  can  neither  be  previously 
foreseen  nor  wholly  accounted  for  after  they  occur.  During  thousands 
of  years  cotton  manufacture  was  a  home  industry;  the  fibre  was  cleaned, 
carded,  spun,  and  woven  in  the  worker's  own  home;  but  within  a  period 
of  one  hundred  years  the  cottage  room  was  transformed  into  a  factory, 
wherein  power-driven  machines  performed  the  work.  Instead  of  rows 
of  cottag-es,  in  which  weavers  wove  the  cloth  and  the  female  members 
of  the  household  carded  and  spun  the  yarn,  great  factories  arose, 
containing  mechanical  carders,  spinning  frames,  and  looms  vastly 
more  productive  than  the  human  agents,  and  capable  of  working 
tirelessly  day  and  night.  We  have  said  that  the  process  of  develop- 
ment was  rapid.  First,  in  1737,  a  man  named  Wyatt  conceived  the 
idea  of  spinning  cotton  by  means  of  rollers;  then  Lewis  Paul,  who 
was  associated  with  Wyatt  and  patented  his  spinning  invention,  tried 
to  devise  a  mechanical  carder;  but  neither  achieved  practical  success. 
Their  ideas,  however,  were  worked  out  by  Hargreaves,  Crompton, 
Arkwright,  Roberts,  and  Cartwright,  and  a  host  of  other  inventors. 
One  operation  after  another  became  mechanical,  and  cotton  manu- 
facture was  transformed  into  a  purely  mechanical  industry.  As  each 
machine  comes  under  examination,  we  shall  briefly  review  its  invention 
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and  progressive  improvement,  and  note  the  work  of  the  leading  inven- 
tors. It  is  enough  for  our  present  purpose,  however,  to  note  that  the 
cotton-manufacturing  process  is  wholly  performed  by  power-driven 
machinery,  operated  on  a  system  which  leaves  little  to  chance  and 
small  margin  for  individual  ability  to  work  upon.  The  cotton  factory 
has  been  organized. 

Uses  of  Cotton. — To  English  inventive  genius  is  due  the  high 
position  which  cotton  occupies  in  the  textile  world  to-day;  but  it  is 
a  matter  of  doubt  when  the  fibre  was  first  accepted  in  England  as 
a  spinning  fibre.  We  know  that  cotton  was  regarded  as  a  very 
suitable  material  for  candle  wicks  early  in  the  thirteenth  century;  but 
not  till  the  beginning  of  the  seventeenth  century  was  cotton  spun, 
and  then  only  for  light  cloths  to  be  exported  to  the  East.  To  Man- 
chester belongs  the  credit  of  having  begun  this  trade.  Up  till  the 
middle  of  the  eighteenth  century  cotton  was  used  only  as  a  weft,  the 
warps  being  either  flax  or  wool;  but  when  Richard  Arkwright  had 
organized  the  factory,  cotton  commenced  to  spread  over  province 
after  province  of  the  textile  world. 

Ousting  flax  as  a  warp  material,  cotton  displaced  it  in  sheetings 
and  light-cloth  production,  annexed  from  it  nearly  the  whole  of  the 
thread  industry,  and  is  now  strongly  attacking  the  rival  fibre  in  ropes 
and  twines.  For  a  long  time  the  provinces  of  cotton  and  wool  were 
recognized  as  clearly  distinct;  but  the  cotton  bed-mat  and  blanket, 
flannelettes  and  other  imitations  of  woollen  and  worsted  fabrics,  not 
to  mention  the  numerous  mixtures  of  cotton  and  wool  in  heavy 
cloths,  show  that  the  lines  of  demarcation  have  been  passed. 

Even  silk  has  not  been  exempt  from  the  rivalry  of  this  vegetable 
fibre;  in  velveteens  and  plushes  cotton  imitates  the  richest  products 
of  the  silk  weaver.  Common  silk  cloths  are  met  with  the  competition 
of  mercerized  cotton  fabrics,  which,  while  possessing  the  quality  of 
cheapness,  present  a  lustre  and  purity  of  colour  almost  equal  in 
superficial  appearance  to  those  of  the  costlier  and  superior  fibre. 

In  the  manufacture  of  laces  and  knitted  fabrics  cotton  has  made 
for  itself  a  sure  position;  to  many,  indeed,  cotton  is  the  only  kind 
of  lace  known,  and  in  the  hosiery  trade  cotton  closely  rivals  wool. 

Fibre  Conditions. — Raw  cotton  is  not  a  manufactured  article,  but 
a  product  of  nature,  and  subject  to  all  the  accidents  of  natural  growth. 
A  shower  of  rain  or  a  dry  wind  at  critical  moments  may  seriously  affect 
the  character  of  a  cotton  crop.  When  the  pods  open,  some  of  the  lint 
fibres  are  unripe  and  never  ripen;    instead  of  collapsing  into  flexible 
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spirals  of  fine  length,  the  unripe  filaments  shrink  and  wither.  In  a 
fibre  so  delicate  these  conditions  amount  to  a  great  deal ;  small  degrees 
of  change  are  comparatively  large  when  the  total  size  of  the  fibre  is 
2  in.  long  and  y-sVo-  i"-  i^i  diameter.  Over  and  above  these  natural 
occurrences  we  have  other  facts  to  consider.  When  packed  into  bales 
the  cotton  is  dirty,  mixed  with  broken  bits  of  leaves,  weeds,  pods,  and 
other  rubbish ;  sometimes,  too,  the  bale  is  deliberately  loaded  with 
water  and  by  other  means  of  an  illegitimate  kind. 

Sampling". — Before  beginning  operations  upon  any  new  consign- 
ments of  fibre,  the  cotton  manufacturer  should  carefully  sample  the 
bales.  Each  kind  of  cotton  has  a  known  and  definite  character,  and 
there  ought  to  be  no  possibility  of  skilled  workers  mistaking  sea- 
island  for  Egyptian,  uplands,  or  Santos.  Similarly,  the  proportion 
of  unripe  or  short  fibres  in  a  good  cotton  may  be  felt  by  the  trained 
touch.  But  the  surest  way  of  sampling  cotton,  and  arriving  at  the 
best  mixture  for  any  given  purpose,  is  to  put  a  small  quantity,  pure 
or  mixed,  through  the  first  stages  of  the  preparatory  process  of  manu- 
facture. A  close  examination  of  the  sliver  as  it  comes  off  the  carder 
will  show  the  real  character  of  the  cotton.  Tedious  and  expensive 
as  the  method  seems,  the  nature  of  the  case  permits  of  no  other 
equally  satisfactory. 

Preparatory  Process. — Being  wholly  a  foreign  product,  shipped 
from  over  seas,  the  cotton  arrives  at  the  factory  in  compressed  bales, 
the  fibres  all  lumped  and  massed  together.  Before  this  material 
can  be  taken  in  hand  by  the  spinner,  it  must  be  prepared  in  some 
way.     The  preparatory  process  usually  takes  the  following  course : — 

1.  Bale  Breaking. — The  solid  bales  of  fibre  are  broken  up  and 
reduced. 

2.  Mixing. — By  this  process  the  irregularities  of  growth  and  other 
inequalities  among  cottons  of  the  same  class  are  distributed,  bringing 
the  whole  to  an  average  of  quality.  When  fibres  of  different  classes 
are  combined  to  make  a  certain  quality  of  thread,  the  mixing  must 
be  thorough. 

3.  Willowing  or  Opening. — The  bale  breaker  merely  reduces  the 
hard  masses;  but  opening  is  designed  both  to  loosen  the  fibres  from 
each  other  and  also  to  free  them  from  dirt. 

4.  Scutching.  —  Further  opening  out  of  the  cotton  is  done  on  the 
scutching  machines,  and  the  remaining  dust  is  beaten  out;  but  another 
step  forward  is  taken,  in  that  the  fibres  are  formed  into  a  continuous 
sheet  or  lap. 
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5.  Carding. — The  foregoing  operations  have  treated  the  cotton  in 
the  mass;  but  carding  is  designed  to  take  hold  of  the  individual 
fibres  and  draw  them  out,  taking  away  the  short  fibres,  cleaning 
and  laying  the  remainder  in  close  order,  forming  them  into  a  cloudy 
film  which  is  composed  into  the  soft,  thick  rope  named  the  sliver. 

6.  Combing. — The  object  of  combing  is  similar  to  that  of  carding, 
but  the  rejection  of  short  fibres  is  more  rigorous  and  the  laying  of 
the  fibres  in  parallel  lines  more  perfect. 

The  order  of  operations  we  have  thus  sketched  seems  to  us  the 
best;  but  it  can  hardly  be  said  that  it  is  universally  practised.     While 

endeavouring    to    keep 


abreast  of  the  latest 
improvements,  we  have 
to  avoid  going  beyond 
what  is  actually  in 
work.  In  cotton  manu- 
facture, more  than  in 
any  other  industrial 
process,  the  most  suc- 
cessful method  is  the 
most  scientific;  but  it 
may  happen  in  occa- 
sional instances  that 
scientific  theory  does 
not  square  with  the  re- 
quirements of  practice.  At  the  very  least  some  latitude  is  due  to  that 
difference  of  opinion  which  is  founded  on  the  variation  in  experience. 
Bale  Breaking. — In  some  factories  bale  breaking  is  hardly  counted 
an  operation;  it  is  regarded  as  a  kind  of  cellar  work,  to  be  performed 
by  labourers.  But  mechanical  bale  breaking  is  much  more  satisfactory, 
being  more  even  and  efficient,  besides  freeing  the  cotton  from  dirt  and 
making  the  work  of  the  other  machines  easier. 

The  first  invention  for  this  purpose  was  the  roller  bale  breaker 
(fig.  44).  Four  pairs  of  iron  rollers,  three  spiked  and  one  deeply  fluted, 
each  successive  pair  geared  to  run  swifter  than  the  pair  preceding, 
make  up  the  main  body  of  this  machine.  The  cotton  is  taken  from 
the  bales  and  laid  on  to  a  travelling  feed  lattice  which  carries  it 
forward  to  the  first  pair,  or  collecting  rollers.  The  second  pair  of 
rollers,  running  at  higher  speed  than  the  first,  draw  the  cotton  quickly 
away,    loosening  it  by  the  action.      The  two  succeeding  pairs  act  in 


Fig.  44. — Roller  Bale  Breaker 
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like   manner,    with    the    result   that    the    masses   are   opened    out   and 
delivered  at  the  other  end  in  a  broken,   open  condition. 

A  Bale  Opener. — It  has  been  objected  to  the  roller  bale  breaker 
that  the  fibres  are  pulled  and  broken  in  the  operation.  One  of  many 
machines  invented  to  obviate  this  objection  is  the  hopper  bale  opener 
(fig.  45).  The  special  feature  of  this  contrivance  is  the  spiked  lattice 
by  which  the  cotton   is  combed  out  of  its  lumpy  state.      Into  strong 
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Fig.  45. — Hopper  Bale  Breaker  (Piatt  Bros.  &  Co.' 


A,  Hopper  in  which  the  cotton  from  the  bales  is  placed.     B,  Feed  lattice,     c,  Spiked  elevating  lattice. 
D,  Spiked  roller  or  evener.     E,  Stripping  roller.     F,  Beater.     G,  Grid. 


laths  spiked  teeth  are  fixed,  the  laths  being  secured  to  an  endless 
canvas  by  riveting  them  to  a  strip  of  wood  on  the  inner  side  of  the 
canvas.  The  whole  combination  is  then  fastened  to  endless  leather 
bands  in  such  a  manner  that  the  canvas  hangs  slack  between  each 
two  laths,  so  that,  when  being  carried  round  the  drums,  the  edges  of 
the  laths  do  not  separate  from  the  canvas  and  afford  lodgment  for 
fluff  and  dirt,  because  the  distending  action  of  the  drums  only  gathers 
up  the  slack  of  the  canvas  web,  while  the  laths  lie  horizontally  upon 
it  as  at  every  other  part  of  the  round.  The  cotton  is  taken  up  by  the 
spiked  lattice  (fig.  46)  from  the  travelling  feed  lattice,  and  brought  into 
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contact  with  a  roller  called  the  evener,  which  is  adjusted  at  any  distance 
the  kind  of  cotton  being  operated  upon  seems  to  require.  Between 
them  the  evener  roller  and  the  spiked  lattice  open  out  the  cotton  to  a 
considerable  degree,  and  loosen  a  lot  of  dirt,  which  is  driven  away  by 
an  exhaust  fan  placed  over  the  hopper.  When  the  cotton  has  passed 
the  evener  roller,  it  is  beaten  off  the  spiked  lattice  by  a  flap  roller  on 
to  a  set  of  grid  bars,  arranged  so  that  it  is  impossible  for  the  cotton 
to  miss  them  before  emerging  from  the  machine. 

On  leaving  the  bale  opener,  the  cotton 
may  be  passed  along  to  the  mixing  or  to 
the  opening  machines,  according  to  the 
system  of  the  factory. 

Mixing. — Before  even  a  bale  is  touched 
the  cotton  manufacturer  has  designed  his 
yarn ;  he  has  determined  upon  the  kind  of 
fibre  with  which  his  yarn  is  to  be  consti- 
tuted. If  one  kind  of  cotton  serves  the  pur- 
pose, the  procedure  is  simple;  but  mixing 
cannot  be  dispensed  with,  even  in  this  case. 
As  we  have  already  indicated,  no  stock  of 
cotton  of  any  quality  is  wholly  uniform ;  the 
fibres  of  all  classes  vary  in  ripeness,  in  length, 
in  fineness,  in  texture,  in  colour.  To  distri- 
bute these  variations  as  widely  as  possible, 
mixing  is  resorted  to.  The  laying  down  of 
this  mixing,  however,  requires  no  plan ;  the 
sole  object  is  mixing,  pure  and  simple. 
Blended  cottons  call  for  another  kind  of  treatment.  Because  of 
the  definite  and  opposite  qualities  of  many  kinds  of  cottons,  it  is 
possible  to  obtain  a  yarn  more  suitable  for  particular  uses  from  the 
combination  of  two  or  more  kinds  than  can  be  obtained  from  any 
single  kind  of  fibre.  The  highest  counts  and  finest  classes  of  yarns, 
for  example,  are  made  from  sea-island  cotton,  but  very  high  counts 
are  also  produced  from  a  mixture  of  sea-island  and  long-stapled 
Egyptian.  Sea-island  is  not  only  a  costly  cotton,  because  of  the 
small  supply  on  the  market,  but  it  also  has  the  one  defect  that  it 
is  too  soft  for  many  purposes.  Long-stapled  Egyptian,  on  the  other 
hand,  is  fairly  plentiful,  possesses  great  strength,  and  has  a  touch  of 
hardness.  The  two  together  make  a  yarn  both  firm  and  strong. 
Long-stapled  American   uplands  closely  resembles    its   neighbour  the 


Fig.  46. — Spiked  Lattice  of  Bale  Opener 

A,  Wooden  lath  carrying  spikes.  B, 
Canvas,  c,  Thin  metal  or  wood  lath. 
D,  Leather  belt. 
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sea-island,  and  has  the  same  defect,  whilst  being  thicker  in  the  fibre. 
Brazilian  cotton  is  thin,  hard  and  wiry,  and  of  fair  length.  From 
mixtures  of  these  two  cottons  the  best   yarns  are  obtained   for  cam- 
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brics,  shirtings,  sheetings,  and  various  strong  calicoes.  Short-stapled 
Americans  are  strengthened  by  the  harsh  cottons  of  the  East  Indies, 
and  together  they  make  good  material  for  yarns  of  low-grade  cloths. 

These  are  only  a  few  of  the  possible  mixtures  of  cotton  fibres; 
the  list  might  be  extended  indefinitely.  Every  master  spinner  has 
several  favourite  mixtures  which  he  considers  of  special  value  to 
himself.  A  broad  principle,  however,  governs  and  limits  the  mixing 
of  cottons.  No  matter  how  different  the  mixed  classes  of  fibres  may 
be  in  every  other  respect,  the  length  of  staple  must  be  very  nearly 
equal.  Gross  inequality  in  length  of  fibre  is  a  fatal  defect  in  cottons, 
whether  pure  or  mixed.  There  are  absolutely  no  exceptions  to  this 
rule. 

Methods  of  Mixing. — One  principle  governs  the  hand  mixing  of 
all  textile  fibres ;  the  material  is  stacked  in  horizontal  layers  and  raked 
down  into  a  heap  vertically.  As  a  rule  the  hand  mixer  takes  the  cotton 
direct  from  the  bale,  puts  each  layer  down  in  the  order  required,  and 
rakes  the  stack  down  vertically,  or  feeds  one  vertical  section  of  the 
blend  after  the  other  to  the  willow  or  opener.  The  roller  bale  breaker, 
however,  may  be  utilized  as  a  mixer,  the  operator  selecting  each  part 
of  the  feed  from  a  number  of  bales.  It  is  claimed  for  the  hopper 
bale  opener  that  it  acts  partly  as  a  mixer,  and  the  claim  seems  fairly 
just.  A  better  blend,  however,  may  be  obtained  by  intelligent  mixing 
of  the  feed.  In  fact,  it  must  be  admitted  that  the  bale  breaker  and  bale 
openers,  of  whatever  kind,  must  be  supplemented  by  another  method 
of  blending. 

One  of  the  advantages  claimed  for  mechanical  bale  breaking  is 
that  it  lends  itself  to  automatic  regulation  of  the  whole  system  of 
preparation.  From  the  bale  opener  lines  of  lattice  creepers  carry  the 
fibres  away  to  the  mixing  room  in  divergent  directions.  The  systems 
of  distribution  are  largely  conditioned  by  the  shape  of  the  building 
and  the  direction  of  the  mixing  room.  The  lattices  may  travel  up  to 
the  room  overhead,  down  to  the  room  below,  or  through  the  wall,  but 
it  matters  little  so  long  as  the  object  of  mixing  is  kept  in  view  in  the 
construction  of  the  lattices. 

Various  methods  of  mixing  have  been  devised,  but  the  simplest 
of  the  mechanical  mixers  is  a  machine  on  the  head  of  which  revolves 
an  inverted  cone.  The  cotton  from  the  lattices  pours  into  the  mouth 
of  the  cone,  and  it  moves  round  in  a  very  irregular  fashion,  now 
quick  and  tilted  to  one  side,  now  slow  and  almost  upright,  then 
quick  and  upright,  slow  and  slanted,  throwing  the  cotton  all  around. 
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letting  fall  a  few  flakes  at  this  moment,  and  the  next  throwing  handfuls 
afar.  It  is  obvious  that,  when  these  distributions  of  cotton  are  raked 
into  a  heap,  the  material  will  have  been  well  mixed. 

Fine  soft  cottons  are  sometimes  mixed  with  hard  kinds,  and  in 
many  cases  it  is  better  to  put  each  through  the  preliminary  operations 
by  itself,  combining  the  two  classes  on  the  lap  machine.  Treatment 
necessary  for  a  strong,  hard  fibre  may  be  altogether  wasteful  on  a 
softer  cotton.  The  two,  three,  or  four  different  kinds  are  brought 
through  the  scutchers  in  lap  shape.  Two,  three,  or  more  laps  are 
laid  together  in  the  scutcher  again  and  broken  up  into  fragments. 
When  the  laps  are  re-formed,  the  fibres  have  been  closely  blended, 

each  new  lap  being  composed 
^^  "^^^  partly  of  the  former  three  or 

more  laps. 

Willowing-.  —  The  willow, 
properly  so  called,  is  totally 
unlike  any  other  kind  of  willow; 
it  is  a  strong  machine  with 
tearing  teeth;  but  the  deriva- 
tion of  the  name  is  perfectly 
legitimate.  Before  the  days 
of  machinery  cotton  manufac- 
turers cleansed  and  opened  the 
fibres  by  beating  on  them  with 
willow  wands.  A  netted  cord 
was  slung  on  a  wooden  frame  and  a  layer  of  cotton  was  placed  on 
the  tightly  strung  netting.  With  long  and  flexible  willow  wands  the 
workers  thrashed  the  cotton,  driving  out  the  dust  and  separating  the 
fibres. 

Dr.  Andrew  Ure,  in  his  book  on  Cotton  Manufacture,  gives 
another  account  of  the  origin  of  the  term  *' willow",  which  is  very 
interesting  from  several  points  of  view.  According  to  Ure,  the  willow 
was  a  machine  the  cylinder  of  which  was  made  of  willows  plaited 
together.  The  cylinder  of  plaited  willow  was  fixed  in  a  sloping 
position  and  headed  by  a  hopper  of  the  same  material  through  which 
the  cotton  was  fed.  On  the  spindle  running  through  the  centre  of 
the  cylinder  were  fixed  a  series  of  beater  arms,  all  equal  in  length, 
and  set  spirally  round  the  spindle.  Whether  we  accept  Dr.  Ure's 
derivation  or  not,  this  Normandy  willow,  as  it  was  called,  is  inter- 
esting, because  it  contains  the  germ  of  all  the  willows  and  openers 


Fig.  48. — Primitive  Willow  of  Normandy 
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since  invented.     The  series  of  arms  beat  the  cotton  against  the  lat- 
ticed cylinder,  opening  out  the  lumps  and  sending  out  the  dirt. 

The  Oldham  Willow. — The  Oldham  or  common  willow  is  a  strong 
machine.  Mounted  on  a  shaft  resting  in  bearings  on  the  iron  frame, 
and  fitted  on  the  outside  with  driving  pulleys,  is  a  cylinder,  40  in. 
in  diameter  and  40  in.  long,  covered  with  rows  of  blunt  spikes.  A 
semicircular  iron  casing  encloses  the  upper  half  of  the  cylinder,  and 
on  the  inside  of  the  casing  rows  of  iron  spikes  project  towards  the 
spikes  of  the  cylinder.  A  wire  grid  encloses  the  under  half  of  the 
cylinder,  the  front  part  being  movable  and  hinged  in  the  back  part 


Fig.  49. — Self-acting  Willow 

A,  Feed  lattice,     b,  Corrugated  feed  rollers,     c,  Spiked  cylinder,     d,  Spiked  cover,     e,  e,  Automatic  delivery- 
apparatus.     F,  Blowing  fan.     g.  Delivery  roller.     H,  Delivery  lattice. 


fixed  to  the  frame.  By  an  arrangement  of  weights  and  pulleys  the 
hinged  grid  was  lowered  and  raised.  The  cotton  entered  the  machine 
through  the  opened  grid,  and  not  until  it  closed  could  work  begin. 
This  has  been  taken  advantage  of  by  machinists,  and  now  feed, 
opening,  and  delivery,  work  reciprocally.  As  soon  as  the  grid  closes, 
the  feed  lattice  stops;  when  the  delivery  lattice  begins  to  draw  out 
the  opened  cotton  the  grid  falls,  and  the  feed  lattice  is  put  in 
motion.  At  the  back  of  the  machine  an  exhaust  fan  plays,  drawing 
away  the  flying  dust  from  the  cotton,  whilst  the  heavy  rubbish  drops 
below. 

The  action  of  the  willow  (fig.  49)  is  easy  to  follow.  On  the  creeper 
lattice  the  cotton  gradually  gathers  and  passes  in  by  the  open  grid. 
When  the  weight  of  cotton  designed  has  passed  in,  the  grid  closes  and 
the  spiked  cylinder  begins  to  work.  With  its  spikes  the  cylinder  draws 
out  and  beats  the  fibres,  dashing  them  against  the  bars  of  the  bottom 


THE    PREPARATION   OF   COTTON  165 

grid,  and  tearing  them  through  the  spikes  on  the  upper  casing.  All 
the  while  the  fan  is  drawing  out  the  dust  and  throwing  the  fibres 
about.  Sufficiently  opened  and  cleaned,  the  cotton  is  drawn  rapidly 
out  on  the  delivery  lattice,  and  borne  forward  to  the  next  machine. 

Cotton  Openers. — Though  a  very  effective  opener  and  cleaner  of 
cotton,  the  willow  is  admittedly  severe  in  its  action.  The  rending 
effect  of  the  spikes  does  serious  damage  to  a  fine,  soft  cotton,  and 
machinists  and  manufacturers  alike  looked  for  some  other  kind  of 
opener  which  would  be  gentler  on  the  fibres.  A  demand  so  strong 
was  potent  enough  to  draw  forth  many  efforts  to  meet  it.  In  conse- 
quence there  are  numerous  openers  in  operation.  The  main  defect  of 
the  willow  being  its  tearing  action,  most  of  the  newer  forms  of  opener 
adopt  the  beater  principle;  that  is  to  say,  they  go  back  to  the  old 
Normandy  willow  for  a  model.  Some  improvement  was  made  on 
the  willow  by  what  was  named  the  cone  willow,  without  discarding 
the  teasing  spikes;  but  it  is  scarcely  worth  noting,  excepting  that  its 
form  probably  suggested  the  shape  of  several  favourite  beater  opening 
machines.  In  the  endeavour  to  be  original,  inventors  have  varied  the 
shapes  of  the  beaters,  have  set  them  horizontally  with  vertical  action, 
vertically  with  horizontal  action,  and  otherwise  shaped  and  modified 
the  machine.  Others,  again,  have  combined  the  scutcher  with  the 
opener,  producing  some  very  useful  tools,  serving  those  to  whom 
economy  of  space  is  the  most  important  consideration.  The  thorough 
efficiency  of  the  common  or  Oldham  willow,  however,  has  never  been 
surpassed,  and  this  has  led  several  advanced  machinists  to  revert  to 
the  willow  principle. 

The  Crighton  Opener.  —  The  principal  feature  of  this  machine 
(fig.  50)  is  the  conical  grid  containing  the  beater  shaft  with  its  series 
of  arms.  The  perforated  cone  rests  its  apex  on  a  cross  rail  of  the 
frame.  A  tripod  on  the  top  of  the  frame  supports  a  vertical  shaft 
carrying  driving  pulleys  and  passing  through  the  centre  of  the  grid 
to  a  footstep  on  the  cross  rail.  Riveted  on  to  the  vertical  shaft  are 
seven  discs,  decreasing  in  diameter  from  top  to  bottom,  each  disc 
carrying  steel  arms,  long  on  the  top  disc  and  gradually  becoming 
smaller  towards  the  lower  end,  accommodating  the  shape  of  the 
enclosing  grid.  An  orifice  at  the  head  of  the  grid  conducts  to  the 
dust  cage,  a  hollow  cylinder  of  wire,  woven  so  as  to  keep  out  the 
cotton  and  let  through  the  dust.  Below  the  dust  cage  are  the  ex- 
haust fan  and  a  pair  of  delivery  rollers  or  lattice  carrier. 

The  feeding  of  the  opener  may  be  simply  done  by  a  lattice  creeper; 
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but  very  often  a  system  of  dust  trunks  and  pneumatic  tubes  is  adopted. 
By  this  means  the  labour  of  the  beaters  is  lessened  and  the  whole  work 
of  the  opener  facilitated.  From  the  mixer  a  lattice  takes  the  cotton  up 
to  the  first  of  two  pairs  of  rollers  turning  in  front  of  the  dust  trunks. 
The  second  pair  of  the  rollers,  which  are  deeply  fluted,  run  faster 
than  the  first  and  draw  out  the  cotton,  sending  it  into  the  dust  trunks 
in  a  loose  condition.  The  trunks  are  built  up  of  a  series  of  grids 
through  which  the  dirt  and  heavy  rubbish  drop.  From  the  end  of 
the  dust  trunks  a  tube  extends  down  to  the  grid  of  the  opener,  and 
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Fig.  so. — Double  Vertical  (Crighton)  Opener,  with  Improved  Rope  Driving 


through  it  comes  the  air  current  from  the  exhaust  fan,  drawing  the 
cotton  onwards.  With  this  method  of  feeding,  an  automatic  connection 
between  the  mixers  and  the  openers  can  be  established,  no  matter  what 
may  be  the  relative  positions  of  the  machines.  Thus,  link  by  link,  the 
chain  of  automatism  is  being  forged  between  all  departments  of  the 
factory. 

Some  manufacturers  prefer  the  simple  old  form  of  the  Crighton 
opener,  and  the  preference  is  not  without  reason ;  but  the  newer 
models  have  certainly  many  advantages  to  recommend  them.  Special 
forms  of  movable  grids,  with  countersunk  perforations,  graduated  from 
bottom  to  top;  a  small  reservoir  of  water  enclosing  the  foot-step,  to 
keep  it  cool  and  clean ;  stripper  rollers,  to  take  away  the  cotton — these 
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are  some  of  the  improve- 
ments which  add  to  the 
efficiency  of  the  machine. 
Combined  Opener  and 
Scutcher. — After  leaving 
the  opener  the  cotton 
goes  on  to  the  scutcher, 
the  function  of  which  is 
to  continue  the  opening 
and  cleaning  work  of  the 
opener,  and  form  the 
mass  of  fibres  into  a  sheet 
or  lap.  In  scutching 
proper  the  feed  must 
be  delicately  adjusted, 
for  on  that  machine  is 
the  last  opportunity  we 
have  of  exactly  measuring 
the  weight  of  the  cotton 
before  it  passes  into  the 
carders.  The  importance 
of  weight  adjustment  will 
shortly  appear.  It  is 
easier  to  gauge  the  size 
and  thickness  of  a  lap 
than  of  a  mass  of  fibres; 
if  the  cotton  can  be  formed 
into  a  lap  and  addition- 
ally scutched,  without 
much  extra  labour,  the 
work  is  sure  to  be  more 
thoroughly  done;  there- 
fore some  manufacturers 
have  accepted  the  idea  of 
the  inventor  who  united 
the  opener,  scutcher,  and 
lap  former  in  one  ma- 
chine. We  show  a  very 
early  form  of  cotton 
scutcher    (fig.    51)    from 
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which  a  general  idea 
of  the  operation  may 
be  obtained.  A  very- 
serviceable  machine, 
named  the  Exhaust 
Opener  (fig.  52),  is 
thus  described  by  the 
makers:  "The  cotton 
is  taken  from  the  mix- 
ing and  spread  on  the 
lattice  of  the  feeder,  the 
feeder  having  collect- 
ing roller,  two  pairs  of 
feed  rollers,  and  cylin- 
der, which  deliver  it  to 
the  dust  trunks,  over 
which  it  is  drawn  by 
the  action  of  the  ex- 
haust fan  into  the 
cylinder  of  the  opener. 
The  loose  dust  is  de- 
posited in  the  dust 
trunks,  and  the  cotton 
enters  into  the  cylinder 
of  the  opener  by  tin 
pipes,  and  after  passing 
the  cylinder  is  spread 
level  on  the  first  pair 
of  cages  by  the  action 
of  the  two  exhaust  fans. 


It  then  passes  through 
the  cages  and  two  pairs 
of  feeder  rollers,  is  then 
subjected  to  the  action 
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of  a  three-wing  beater,  and  is  made  into  good  level  laps,  thus  obtaining 
the  greatest  amount  of  cleaning  with  the  least  damage  to,  and  without 
stringing,  the  fibres  of  the  cotton.  By  the  use  of  two  fans  the  cotton 
is  spread  level  upon  the  cages  without  having  to  use  dampers.  At 
the  commencement  of  each  lap  the  rollers  at  the  feeder  are  started  a 
short  time  before  the  lap  part  of  the  opener,  and  at  the  finish  the  feeder 
stops  the  same  length  of  time  before  the  lap  part.  By  this  means  the 
trunks  and  pipes  are  freed  from  cotton  when  the  lap  part  stops,  and  this 
obviates  any  irregularity  arising  from  the  cotton  remaining  in  the 
trunks.  The  connection  between  feeder  and  opener  is  automatic  in 
its  action,  and  requires  no  attention." 

Lord's  Opener  and  Scutcher. — The  machine  just  described  is  of 
the  cylindrical  model,  the  opening  part  being  of  the  same  design  as 
the  willow,  but  there  are  other  and  improved  designs.  One  of  these 
is  Lord's  opener  and  scutcher,  in  which  the  Crighton  grid  cone  and 
beaters  are  placed  horizontally.  At  the  feed  end,  where  the  cotton 
enters  from  a  pneumatic  tube,  the  conical  grid  is  about  20  in.  in  dia- 
meter, widening  to  about  30  in.  at  the  other  end,  and  hanging  hori- 
zontally. A  horizontal  shaft,  equipped  with  beater  arms,  ranging  from 
28  in.  to  18  in.  in  length  from  top  to  bottom,  extends  through  the 
centre  of  the  grid,  in  front  of  a  powerful  disc  fan,  on  its  outer  end 
a  driving  pulley.  Below  is  an  exhaust  fan,  which  creates  a  strong 
current  of  air  in  the  machine.  Grid  flooring  encloses  the  upper  part 
to  where  two  dust  cages  work,  and  beyond  these  flies  the  two-winged 
scutching  beater,  striking  on  the  fibres  with  great  force  and  velocity, 
and  driving  them  forward  to  the  second  pair  of  cages.  At  the  end 
are  the  lap  rollers. 

Entering  the  narrow  end  of  the  grid,  the  cotton  is  beaten  upon  and 
whirled  round  by  the  vertical  strokes  of  the  circling  arms  of  the  opener. 
Drawn  by  the  suction  of  the  powerful  disc  fan,  the  opened  fibres  fly 
along  the  grid  floor  to  the  dust  cages,  and  passing  between  them  arrive 
at  the  scutching  beater.  The  air  of  another  fan  sends  the  cotton  along 
and  between  the  last  two  cages,  on  which  it  is  formed  into  a  flat 
sheet.  In  that  shape  it  is  wound  on  to  the  lap  roller  at  the  end  of 
the  machine. 

Another  Opener  and  Scutcher. — The  Crighton  opener,  working  in 

a  horizontal  position,  has  never  been  accepted  as  ideal,  though  at  first 

it  seemed  the  only  arrangement  possible  in  a  combined  opener  and 

scutcher.      But  the  difficulty  has  been  overcome,  and   now  we  have 

the  vertical  opener  attached  to  the  scutcher.     In  addition,  several  other 
VOL.  I.  22 
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improvements  have  been  introduced.  A  stripper  roller  takes  the  cotton 
from  the  dust  cages,  and  feed  rollers,  inside  the  machine,  deliver  it  to 
the  beater  of  the  scutcher,  which  is  three-bladed  and  revolves  at  the 
rate  of  iioo  revolutions  per  minute.  At  the  scutcher  end  of  the 
machine  four  calender  rollers  prepare  the  sheeted  cotton  for  the  lap 
roller  on  which  it  is  wound. 

Scutching. — The  shortness  and  fineness  of  the  cotton  fibres  render 
scutching  a  necessity  peculiar  to  them.  There  are  little  bits  of  leaves 
and  twigs  sticking  close  to  the  fibres,  but  a  burring  machine  is  an 
impossibility  in  the  case  of  cotton,  though  quite  suitable  for  wool. 
For  the  same  reasons  cotton  must  be  made  into  a  consistent  form 
before  it  can  be  put  on  to  the  carding  engine.  Moreover,  we  have  a 
very  important  matter  to  consider  here.  In  all  textile  calculations 
yarns  are  classified  according  to  the  length  contained  in  a  given 
weight.  Before  the  cotton  goes  on  to  carders  it  is  necessary  to  know 
exactly  what  weight  of  fibre  is  being  supplied.  On  the  foregoing 
machines  some  approximation  to  correct  weighing  has  been  made,  but 
exactness  must  be  established,  and  the  final  scutcher  gives  the  last 
opportunity.  On  the  scutcher,  therefore,  we  undertake  three  things: 
I,  the  cleansing  of  the  fibres  from  all  adhering  vegetable  and  mineral 
matters;  2,  the  forming  of  the  cotton  into  sheets;  3,  the  making  of 
those  sheets  into  a  given  length,   breadth,   thickness,  and  weight. 

Feeding  the  Scutcher.  —  All  through  the  cotton  industry  it  is 
agreed  that  each  lap  of  cotton  formed  on  the  scutcher  should  be  of 
known  weight,  but  unanimity  of  belief  does  not  seem  to  conduce  to 
uniformity  of  practice.  In  the  scutching  department,  as  elsewhere,  the 
process  of  development  is  towards  the  automatic  machine.  Methods 
of  feeding  the  scutcher  may  be  roughly  classified  according  to  the 
degree  in  which  skill  is  demanded  from  the  operative.  At  one  end 
of  the  scale  the  scutcher  is  a  skilled  workman;  at  the  other  he  is  a 
young  lad  attending  on  machines  of  which  he  knows  little. 

The  highest  measure  of  skill  is  required  in  the  operative  to  whom 
the  cotton  comes  direct  from  the  opener.  The  weight  of  the  lap  is 
fixed  and  the  mass  of  opened  cotton  is  weighed  on  scales.  To  obviate 
the  chances  of  accident  the  weights  on  the  scales,  having  been  properly 
adjusted,  are  locked  together,  but  the  precaution  does  not  absolve  the 
weigher  from  observing  the  utmost  care.  Complaint  is  frequently 
made  that  the  weigher  handles  the  scales  so  carelessly  that  a  differ- 
ence of  a  few  ounces  constantly  occurs  between  one  batch  and  another. 
Natural  causes  sometimes  account  for  such  discrepancies.     If  the  cotton 
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at  first  was  damp,  and  drying  conditions  continue,  the  later  laps  will 
contain  more  cotton  than  the  former  ones,  though  the  weighing  be  as 
accurate  as  possible.  When  the  operative  has  received  his  weighed 
cotton  he  is  required  to  spread  it  evenly  and  accurately  on  the  creeper 
lattice  which  feeds  the  machine.  On  the  lattice,  spaces  are  marked 
showing  the  breadth  which  a  given  weight  of  cotton  should  occupy. 
If  the  cotton  is  evenly  spread,  this  should  determine  the  thickness  of 
the  layer.  With  an  open,  intractable  material  like  cotton  the  even 
spreading  of  a  layer  is  not  easy,  and  the  temptation  to  send  on  irre- 
gularly disposed  cotton  is  very  strong.      Moreover,   the  cotton   itself 


Fig.  54. — Regulator  of  Feed  to  Scutcher 


shows  many  irregularities;  some  laps  are  very  leafy,  or  mixed  with 
small  hard  lumps  which  the  opener  is  unable  to  deal  with.  With  all 
these  disadvantages,  a  skilled  scutcher,  given  adequate  time,  can 
spread  a  lap  equal  in  regularity  and  evenness  to  the  product  of  the 
best  mechanical  regulator,  with  a  selective  quality  superior  to  any 
mere  machine.  Few  such  hand  scutchers  are  available  at  present, 
because  the  wages  paid  for  that  kind  of  labour  do  not  attract  ability. 
It  is  largely  a  question  of  economics. 

When  the  combined  opener  and  scutcher  has  been  used,  and  the 
cotton  already  formed  into  a  lap,  the  work  of  the  hand  feeder  is  not 
so  difficult.  On  the  weighing  machine  the  weights  of  the  laps  are 
ascertained,  and  these  may  be  reduced  or  increased  in  weight  as  may 
be  necessary  in  a  simple  way.  Very  commonly  three  or  four  super- 
imposed sheets  of  laps  are  sent  straight  through. 
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Mechanical  Feed  Regulators.  —  The  untrustworthy  character  of 
low-paid  labour  compelled  manufacturers  to  look  about  for  some 
means  of  regulating  the  scutcher  feed  by  mechanical  means.  Several 
very  ingenious  devices  have  been  invented  for  the  purpose,  the  one 
most  generally  adopted  being  called  the  piano  feed  regulator.  On  the 
ordinary  scutcher  a  pair  of  fluted  rollers  draw  the  cotton  from  the  feed 
lattice  into  the  sphere  of  the  beater,  and  the  rollers  are  driven  direct. 
All  this  is  changed  for  the  piano  feed  regulator.  The  cotton  is  taken 
through  by  a  heavy  iron  roller  driven  by  one  of  a  pair  of  cone  drums 
and  working  upon  a  series  of  levers  set  closely  across  the  whole  breadth 
of  the  machine.     The  levers  bend  down  under  the  feed  lattice,  and  their 

(CJl^      (b) 


Fig.  55. — Pedal  Regulators  of  Feed  to  Scutcher 

A,  Three-roller  arrangement— (a)  pedal,  {b'  regulating  feed  roller,  [c]  and  [d)  feed  rollers.  B,  Single  3-inch 
roller  arrangement  — (a)  pedal,  [c]  3-inch  feed  and  regulating  roller,  c,  Single  2-inch  roller  arrangement— 
[a]  pedal,  [b]  2-inch  feed  and  regulating  roller. 


hooked  ends  are  linked  into  a  set  of  vertical  rods,  wedge-shaped  at 
the  extremities,  and  passed  between  a  pair  of  horizontal  bars.  Small 
rollers  fill  up  the  spaces  between  the  rods,  the  end  one  of  which  is 
slotted  to  grip  into  a  lever  connected  with  the  belt  extending  from  the 
one  cone  drum  to  the  other.  The  action  of  the  whole  mechanism  is 
reciprocal.  With  the  normal  thickness  of  cotton  passing  in  through 
the  roller  and  the  levers,  no  movement  takes  place  in  the  apparatus. 
But  if  the  supply  of  cotton  is  too  thick  at  any  part,  the  lever  at  that 
point  pulls  up  the  rod,  which,  acting  on  the  bowls  or  rollers,  calls  the 
slotted  rod  into  play.  The  slot  pulls  at  the  strap  lever,  and  shifts  the 
strap  on  the  cone  drum,  reducing  the  speed  of  the  feed  roller  till 
the  cotton  has  been  levelled  out.  If  the  feed  is  too  thin,  the  opposite 
action  takes  place,  and  the  drive  is  quickened  to  bring  the  supply  of 
cotton  to  the  normal  level. 

Finisher   Scutching-   and    Lapping. — We   have   already   noted   the 
particulars  of  simpte  scutching,  and  need  hardly  go  over  the  process 


174  THE    PREPARATION   OF   TEXTILE    FIBRES 

again.  But  the  finisher  scutcher  and  lap-forming  machine  has  some 
special  features  which  should  be  carefully  observed.  The  first  scutcher, 
whether  attached  to  an  opener  or  working  singly,  has  brought  the 
cotton  into  the  lap  or  sheet  shape.  Even  after  the  utmost  care  has 
been  taken  to  regulate  the  feed,  the  laps  from  the  first  scutcher  may 
be  somewhat  irregular.  It  must  be  remembered  that,  in  carrying  the 
cotton  through  the  scutcher,  we  employ  the  air  of  the  disc  fans,  and 
the  air  element  is  not  so  easily  controlled  as  steel  or  iron.  The  dust 
cages,  waste,  and  other  small  practical  details  also  tend  to  produce 
variation.  In  order  to  reduce  the  differences  between  one  lap  and 
another  to  a  minimum,  we  combine  two,  four,  or  even  six  of  the  laps 
in  feeding  to  the  finisher,  bringing  out  an  average  of  the  lot. 
Accordingly,  the  lap  rods  are  laid  in  the  slots  of  the  long  feeding 
frame  within  which  the  lattice  runs,  and  the  sheets  are  carefully  com- 
bined. 

The  feed  roller  and  piano  levers  deliver  the  cotton  in  regular  quan- 
tities to  the  beater,  revolving  at  the  rate  of  looo  to  1500  revolutions 
a  minute,  over  a  grid.  A  beater  may  have  two  or  three  blades,  the 
latter  producing  the  finer  lap.  Broken  and  beaten  against  the  grid, 
the  cotton  yields  up  the  leaves  and  dust  with  which  it  has  been  mixed, 
and  the  refuse  drops  through  the  openings  of  the  grid.  Blown  upon 
the  dust  cages  revolving  at  equal  rates  of  speed  by  the  fiying  fan 
below,  the  cotton  is  thereon  formed  into  an  equal  lap  and  borne  to 
the  compression  rollers,  which  send  it  forward  to  the  lap  roller.  The 
latter  is  not  directly  driven,  but  receives  its  motion  from  a  pair  of  fluted 
rollers  under  it,  by  contact.  As  the  lap  roller  thickens,  it  gradually 
recedes  from  the  lower  rollers,  and  when  full  rises  clear,  at  the  same 
time  stopping  the  machine.  Various  stop  motions  are  applied,  but 
the  effect  of  every  one  is  the  same. 

Draft. — The  question  of  draft,  which  is  one  of  the  most  important 
in  all  departments  of  textile  manufacture,  first  makes  an  appearance 
at  the  opener  with  lap  attachment.  The  aim  is  to  make  the  sheet 
wound  on  the  lap  roller  contain  less  weight  in  a  given  length  than 
the  laps  fed  into  the  machine.  For  example,  "a  draft  of  four  means 
that  one  yard  of  laps  of  a  given  weight  fed  to  the  machine  must  be 
delivered  as  four  yards  of  a  single  lap  having  the  same  weight". 
On  the  surface  this  simply  means  that  the  lap  delivered  is  so  much 
thinner  than  the  laps  fed;  but  in  reality  it  means  a  great  deal  more. 
In  resisting  draft  the  fibres  naturally  present  to  the  drawing  force  their 
greatest  length.     The  scutcher  itself  has  little  influence  on  the  lie  of 
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the  fibres,  and  in  the  first  laps  they  are  crossed  in  all  directions;  but 
the  introduction  of  draft  tends  to  induce  that  parallelism  and  elon^^a- 
tion  of  fibres  which  is  the  very  foundation  of  cotton-yarn  manufacture. 
The  effect  is  not  great,  but  it  is  a  beginning. 

Another  important  matter  with  which  the  practical  worker  has  to 
deal  may  here  be  considered.  It  must  not  be  assumed  that,  because 
the  lap  roller  is  to  take  up  four  times  the  length  of  sheet  sent  through 
by  the  feed  roller,  the  difference  of  the  speeds  of  the  rollers  is  4  to  i. 
"If  the  wheels  and  pulleys  were  calculated  so  that  the  lap  drums 
should  take  up  just  four  times  the  length  fed  by  the  feed  rollers  in  a 
given  time,  the  laps  would  be  too  light,  owing  to  loss  by  waste,  and 
slip  in  the  cone  and  other  straps.  Consequently  allowance  must  be 
made  for  this  loss  and  slip.  The  percentage  of  loss  in  waste  may  be 
found  by  multiplying  the  weight  lost  in  the  given  time  by  100,  and 
dividing  by  the  weight  of  cotton  fed  to  the  machine  in  the  same  time. 
In  calculating  draft  it  is  convenient  to  consider  the  feed  roller  as 
driving  the  drums  of  the  lap  through  the  cones.  The  diameters  of 
the  latter  may  be  neglected,  being  approximately  equal  when  the  strap 
is  in  the  middle.  Allowing  12  per  cent  for  loss,  for  example — say 
7  per  cent  for  waste  and  5  per  cent  for  slip, — the  feed  roller  may  be 
assumed  to  make  1.12  revolution,  and  the  lap  drum  then  made  to 
take  up  only  four  times  the  length  fed  by  the  feed  roller  by  one  turn. 
A  very  exact  draft  of  four  will  then  be  obtained." 

Storing  Laps. — It  often  happens  that  the  laps  require  to  be  kept 
some  time  before  being  used  on  the  carders.  If,  when  taken  off  the 
lap  machine,  the  laps  are  deprived  of  the  rollers  round  which  they 
have  been  wound,  the  cavity  in  the  centre  is  certain  to  fall  in  unless 
some  other  support  is  provided.  A  tube  has  been  devised  which 
remains  in  the  lap  after  the  lap  roller  has  been  withdrawn,  and  thus 
obviates  the  trouble.  In  the  centre  of  a  tube,  a  long  pin  having  a 
head  of  diameter  greater  than  the  pin,  is  inserted.  When  the  roller 
is  withdrawn  the  pin  is  retained  in  the  centre  of  the  lap,  and  keeps  it 
in  proper  shape.  The  laps  are  slung  by  the  pins  on  a  rack  or  cradle, 
to  await  the  call  from  the  carders  in  perfect  safety. 

General  Summary.  —  When  the  cotton  has  passed  through  the 
finisher  scutching  and  lap-forming  machine  it  should  be  clean,  free 
from  lumps,  and  show  a  fair  degree  of  smoothness  on  the  surface  of 
the  lap.  The  fibres  should  be  thoroughly  mixed,  and  the  laps  equal 
in  weight,  size,  and  thickness,  and  free  from  ragged  edges.  The  best 
methods   of   accomplishing    these    ends   are    the    employment   of   the 


176  THE    PREPARATION   OF   TEXTILE   FIBRES 

machines  and  processes  most  suitable  for  the  fibres  operated  upon 
and  the  product  desired,  and  the  exercise  of  vigilant  care  over  every 
detail  of  the  operations. 

The  machines  and  processes  herein  described  are  among  the  best 
in  actual  practice.  We  have  selected  the  machines  mentioned  as  types 
of  the  classes  to  which  they  belong,  not  to  commend  them  above  others. 
No  ideal  mill  has  yet  been  built,  and  all  our  preparatory  machines 
leave  something  to  be  desired.  Neither  is  there  any  series  of  machines 
yet  invented  to  deal  with  all  classes  and  kinds  of  cotton  equally;  the 
low-grade,  dirty  cottons  cannot  be  treated  satisfactorily  on  the  openers 
and  scutchers  designed  for  high-grade  clean  cottons.  Specialization  is 
still  the  rule  in  cotton  manufacture.  Before  a  stone  is  laid  or  a  single 
machine  is  bought,  the  qualities  of  cotton  to  be  used  and  the  yarn  to 
be  spun  must  be  fixed.  For  Surats,  low-grade  Americans,  and  cotton 
wastes  the  willow  or  the  cylinder  openers  are  suitable.  In  general, 
low-grade  cottons  receive  the  most  severe  treatment,  and  sea-islands 
the  least.  Medium  cottons  may  be  treated  on  the  roller  or  hopper 
bale  breaker,  and  taken  direct  to  the  combined  Crighton  opener  and 
scutcher,  if  designed  for  the  lower  range  of  medium  counts.  To 
prepare  for  higher  grades  of  medium  counts,  these  cottons  require 
a  longer  course  of  treatment.  Long-stapled  uplands,  Egyptians,  and 
sea-islands  are  best  treated  on  such  machines  as  the  bale  opener, 
the  vertical  Crighton  opener,  the  combined  opener  and  scutcher  with 
pneumatic  feed,  and  the  finisher  scutcher  and  lapping  machine.  Not 
only  in  the  kind  of  machines  and  number  of  processes,  but  also  in 
the  adjustments  of  the  details  of  the  various  machines,  the  class  and 
quality  of  the  cottons  have  to  be  considered.  A  soft,  long  cotton  would 
be  destroyed  by  the  scutching  necessary  for  a  strong  cotton  of  the  same 
class;  a  clean  cotton  may  be  passed  through  with  less  treatment  than 
a  dirty  cotton  of  higher  grade.  And  even  after  the  utmost  skill  has 
been  exercised,  the  finished  laps  may  be  irregular  and  otherwise  un- 
satisfactory. On  the  whole,  however,  good  workmanship  and  machinery 
bring  out  good  results  and  make  ready  for  the  carding-room  laps  from 
which  the  spinner  can  educe  fine  and  regular  threads. 
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MODEL   OF   RIBBON   LOOM 


Key  to  Reference  Numbers 


1.  Frame  of  loom. 

2.  Loose  pulley. 

3.  Driving  or  fast  pulley. 

4.  Tappet  or  low  shaft  wheel. 

5.  Pinion  of  low  shaft  wheel. 

6.  Belt  fork. 

7.  Bearing  bracket  of  warp  beam. 

8.  Bearing  bracket  of  low  shaft. 

8.  Bearing  bracket  of  main  or  crank  shaft. 

9.  End  of  low  shaft. 
9.  End  of  main  shaft. 

10.  Arm  of  going  part  or  slay. 

J  I.  Treadle  lever  of  swivel  motion. 

12.  Fulcrum  of  treadle  lever. 

13.  Warp  beam. 

14.  Swivel  motion  belts  and  shuttle  boxes. 
I  5.  Slay  sword. 

16.  Jack  levers  of  swivel  motion. 

17.  Heald  shafts. 

1 8.  End  of  warp  bobbin  frame. 

19.  Guide  reed. 

20.  Top  castle  frame. 

21.  Bearings  of  rods  carrying  jack  levers  of  heald  motions. 

22.  Bearing  bracket  of  slay  swords. 

23.  Crank  on  arm  of  slay. 

24.  Jack  levers  of  heald  motions. 

25.  Pulleys  on  top  castle. 

26.  Wooden  frame  of  top  castle 

27.  Peg  rod  regulating  delivery  of  ribbon. 

28.  Weighted  pulley  on  woven  ribbon. 

29.  Pulley  on  even  ends  of  warp. 

30.  Pulley  on  odd  ends  of  warp. 

31.  Finished  ribbon. 

32.  Tappet  of  swivel  motion. 

33.  Ta])pcls  of  heald-shaft  motion. 
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